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lv has been many years since Loehlein® in 1907 presented evidence 
to show that acute glomerular nephritis was the direct result of strep- 
tococcic infections. Since then the question has been the subject of 
much discussion, and though it is now generally recognized that 
infections by hemolytic streptococci precede with great frequency 
the onset of acute glomerular nephritis, the exact relationship be- 
tween the two has never been accurately defined.4-*4.«:13.192%2.2%4 
Evidence, however, has been presented to show that a continuation 
of the infection or recurrent infections due to hemolytic streptococci 
predisposes to a progression of the nephritis and is the prime factor 
in preventing recovery or in leading to chronic nephritis." -¢-".'8.*4 

The great regularity with which a marked increase in the anti- 
streptolysin content of the blood serum occurs during the course of 
acute glomerular even when cultures from the 
pharynx or other foci of infection fail to show hemolytic streptococci, 
is an additional argument in favor of the close association between 
this particular form of infection and acute hemorrhagic nephritis. 
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These facts do not, however, exclude the possibility that other 
bacteria, such as the Streptococcus viridans, the pneumococcus or 
the gonococcus may be concerned in the origin of some instances 
of acute nephritis. Indeed, there is reason to believe that they do so, 
though infections by these organisms are probably concerned with 
the origin of a comparatively small proportion of cases. 

Since the persistence of infection may be of great importance in 
determining the course of the nephritis much emphasis, during the 
last few vears, has been placed on the elimination of foci of infection. 
It has been necessary to rely largely upon such surgical measures 
as removal of tonsils and adenoids, or the drainage of infected para- 
nasal sinuses to accomplish this. The efficacy of these surgical pro- 
cedures has been questioned ;' '" and has rarely been attended by 
brilliant results, for it has often been impossible by these means 
alone to cure completely the infection. 

The great value of effecting complete cure of the acute nephritis 
lies in the fact that once the nephritis has healed, a recurrence rarely 
if ever occurs, even though the patient experiences one or more 
serious infections due to the hemolytic streptococcus.*! If, on 
the other hand, the disease persists, even in quiescent form, subse- 
quent infections by hemoly tic streptococci are liable to cause acute 
and sometimes serious exacerbations of the disease.' isa (Until 
the introduction of chemotherapy , therefore, the available treatment 
consisted principally in prolonged rest, diet, and surgical removal 
of the foci of infection. But with the demonstration of the highly 
effective action of sulfanilamide upon the hemolytic streptococcic 
infections, the possibility of using this chemical to combat infections 
associated with acute hemorrhagic nephritis naturally came to 
mind."4 A series of 42 cases of acute nephritis have therefore been 
treated, during the acute phase of the disease, with sulfanilamide. 
The effect upon the infection and the later course of the nephritis in 
these patients has been contrasted with 108 cases of acute nephritis 
which had not been treated with sulfanilamide. 

The work was started at a time when sulfanilamide was the only 
chemical available for the treatment of infections caused by hemo- 
lytic streptococci. Its efficacy for this purpose had been amply 
demonstrated. The work of Marshall, Cutting and Emerson” had 
shown, moreover, that administration of large amounts of the drug 
exerted no harmful effect on the kidneys of dogs, and a vast number 
of subsequent observations in the human being have upheld these 
conclusions. It is, however, well recognized that sulfanilamide is 
not as rapidly excreted in the presence of even slight disease of the 
kidney as it is in the normal individual, and the drug is prone, 
therefore, to accumulate in comparatively high concentration in the 
blood even when the form of nephritis is mild. Since these studies 
were started three other drugs, namely sulfapyridine, sulfathiazole 
and sulfadiazine, have come into use. In spite of their efficacy, it 
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seemed highly undesirable to employ them for the treatment of any 
infection associated with nephritis, for both sulfapyridine and sulfa- 
thiazole are known to damage occasionally the kidneys either 
through the excretion of the acetylated form in crystals or by direct 
action upon the cells of the organ. Though sulfadiazine may be 
less likely to produce these injurious effects, experience has not been 
sufficiently extensive with this drug to warrant its use in patients 
suffering from nephritis. 

In December, 1936, we began to use sulfanilamide in treating 
patients with acute glomerular nephritis. It has been employed 
almost exclusively in those patients from whom beta hemolytic 
streptococci have been cultured from some focus. We have treated 
only those patients who had a well-defined acute onset of their 
nephritis and only those who were admitted to the hospital within 
2 months of this onset. In most instances they were admitted 
within a few days after the disease had manifested itself. We now 
have treated 42 such patients. The nephritis was regarded as mild 
in Il cases (26°7), moderately severe in 16 (3807), and severe in 
15 (3507). Some of these patients exhibited marked albuminuria, 
hematuria, cvlindruria, low renal function, azotemia, hypertension 
and edema. In 25 instances the nephritis followed acute tonsillitis, 
in + sinusitis, in 5 skin infections, in 1 scarlet fever, and in 2 puer- 
peral infection. In some patients there was more than one focus. 
The interval from the prodromal infection to the onset of the neph- 
ritis averaged 13 days. The interval from the time the nephritis 
had manifested itself until sulfanilamide was administered varied 
in different cases from 1 to 173 days but averaged 26 days and in 
27 cases was less than 14 days. 

In order that we might evaluate the manner and extent to which 
the sulfanilamide therapy modified the course of acute hemorrhagic 
nephritis in these patients we have analyzed for control the records 
of 108 patients fulfilling all the requirements which we have pre- 
sented above whom we have followed since 1925. We have selected 
at random 70 of this group and tabulated the course in great detail. 
This group has had essentially the same clinical and bacteriologic 
studies and the treatment has been similar in every way except that 
they did not receive sulfanilamide. The extent of the nephritis in 
70 patients of this group was found to be mild in 17 cases (24% +), 
moderate in 24 (34°, =), and severe in 29 (41°, +). Thus it may be 
seen that the severity of the disease in the treated and untreated 
groups is comparable. The interval from infection to the onset of 
nephritis was found to average 10.3 days as compared with 13 days 
in Group I. (Throughout this paper we shall refer to the control 
group as Group II and to the ones receiving sulfanilamide as 
Group I.) 

The dosage which we have prescribed for our patients has varied 
from 1.2 to 6 gm. per day. The commonest dose, however, was a 
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total of 2.4 or 3.6 gm. divided into 6 equal doses at 4-hour intervals. 
The total amount of the drug given to any patient has varied from 
6 to 169 gm. (average 49 gm.). The drug was administered over a 
period of 3 to 63 days (average 17 days). The blood concentration 
was followed in 32. patients and was found to vary from 4.5 to 
IS mg. per 100 ce. In 13 subjects the level reached 10 mg. per 
100 cc. at some time during the therapy. It was found that there 
Was a greater variation, from day to day, of the blood concentration 
of the chemical than we have observed in subjects treated for other 
(non-renal) conditions. This has been attributed to the frequently 
changing renal function. 

Since Southworth?’ found that acidosis may develop in association 
with sulfanilamide therapy we have usually given 0.6 gm. of sodium 
bicarbonate with each dose of the former. This has been used in 
spite of the fact that many of our patients have been edematous 
No attempt was made to limit the fluids to any extent greater than 
was necessary to control the edema. 

Toxic REACTIONS DUE TO SULFANILAMIDE. Mild toxic reactions 
characterized by headache, nausea, or vomiting developed in 3 
patients. Seven patients developed fever and 2 a slight anemia. 
The drug was promptly discontinued in each of these instances and 
the symptoms rapidly abated. Occasionally difficulty was encoun- 
tered in differentiating the symptoms of the nephritis from those of 
sulfanilamide intoxication. No serious complications were en- 
countered. 

Results of Therapy. [oct or INrecTion. In view of the great 
importance accorded to the acute infections which precede the 
development of nephritis it naturally was of interest to determine 
whether sulfanilamide had been effective in combating such infec- 
tions. In our studies we have paid particular attention to the beta 
hemolytic streptococcus, as this organism is apparently the one of 
etiologic significance in by far the great majority of the cases. 
Table 1 and Figure 1 show the results of some of the throat cultures 
which have been made. It is quite noteworthy that whereas 71% 
of the patients in Group I had positive throat cultures just before 
sulfanilamide was begun, only 15% vielded positive cultures shortly 
after its discontinuance. This incidence is little more than is found 
in normal individuals in Baltimore in the winter months." 

It may be observed that, on admission, the throat cultures were 
positive for beta hemolytic streptococci in 76° of the patients in 
Group I and in 85% of the ones in Group II. Some subjects had 
several foci containing these organisms. They were obtained from 
the throats of all but 7 patients in Group I before sulfanilamide 
was started. In 2 of the 7 they were cultured from a skin infection, 
in | from an infected sinus and in | from the uterus. At the time 
of discharge from the hospital the infection in these subjects had 
cleared up and the number of patients giving positive throat cul- 
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tures was decidedly less, being 15° in Group T and 26% in Group IT. 
It should be mentioned here that this change has been aided to a 
large extent by the performance of tonsillectomies in more than 
one-half the cases, by the drainage of infected sinuses in several 
instances, by the extraction of teeth with periapical abscesses, and 
by other similar procedures. 


1 NuMBER OF PatTIENTS From Beta SrrReprococci 
Were Recoverep oN THoroat CuLrore. 


Positive 
N No. neg Potal % 
On 
Group 9 38 76.3 
Group Il 5S 10 OS 85.0 
Before sulfanilamide 
Group I 27 11 38 71.0 
\fter sulfanilamide 
Group I 5 28 33 15.0 
On discharge 
Group I 5 27 32 15.6 
Group Il 1S 2 57 26.3 
Six months later 
Group I 5 25 
Group Il ll 266 
ON BEFORE EXTIR- | AFTER ON SIX 
ADMISSION | SULPHA- PATED SULPHA- | DISCHARGE! MONTHS 
NILAMIDE | TONSILS/| NILAMIDE LATER 
| 
PATIENTS TREATED WITH SULPHANILAMIDE * 
a CONTROLS 
lic. 1.—Percentage of patients with beta hemolytic streptococci in throat cultures 


We were permitted to repeat the throat cultures 6 months later 
on 25 subjects in Group I and on 43 subjects in Group II. Positive 
cultures were obtained in 20% of the former and 28% of the latter. 

Of greater concern than the throat cultures was the incidence of 
organisms in the tonsils. The latter were removed from 38 patients 
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in Group Il. The tonsils of 32 of these patients were macerated 
and cultured for beta hemolytic streptococci. The cultures were 
found to be positive in 27 subjects (84°). Tonsillectomy was per- 
formed on 29 patients in Group |. Cultures were made from 
28 subjects, 13 (47%) of which vielded positive cultures. This 
incidence was found to be higher than we had at first anticipated, 
though it is considerably lower than that of the untreated patients. 
It is quite important to point out that sulfanilamide had not been 
administered, unfortunately, for at least a week preceding tonsil- 
lectomy, in 12 of the 28 subjects. Nevertheless, it is now known 
that the administration of relatively large doses over long periods 
of time may not render the tonsils sterile. We have regarded the 
persistence of these organisms as being responsible for some of the 
Hare-ups which we have witnessed. 

Colebrook and Purdie? have reported that hemolytic streptococe: 
were recovered from cervical swabs taken on discharge from the 
hospital in 39 of SI (48° ) of their cases of puerperal infection that 
had recovered under sulfanilamide, and that 6 of 35 patients (177) 
still showed positive cultures for hemoly tic streptoc wel to 6 weeks 
later. In experimental infections, Levaditi and Vaisman,’? Long 
and Bliss,!° and Colebrook and his associates? have reported the 
persistence of latent foci of hemolytic streptococci in mice treated 
over long periods with sulfanilamide. It is for these reasons that 
the various surgical methods have continued to be employed with 
equal vigor as in the past. 

CHANGES IN THE ANTISTREPTOLYSIN TITER. Since 1930, we have 
made rather frequent determinations of the antistreptolysin titer 
of the serum. In Figure 2 the titers of antistreptolysin of both 
groups are recorded during the course of the disease. On admission 
the titer in Group I was found to vary from 50 to 500 units with an 
average of 198 and was over 100 in 27 of 31 subjects. The titer in 
Group II was within the same range, though not quite as high, 
varying from 16 to 500 with an average of 168, and being over 100 
in 21 of 33 subjects. The average level in Group I, at the time 
sulfanilamide was started, was 223 units. On the completion of 
the treatment the average level was 239 units. At the time of 
discharge the titers were found to remain high in Group I, ranging 
from 50 to 500 units with an average of 199 and being over 100 in 
27 of 30 subjects. In Group IT it was found to vary from 16 to 
1666 with an average of 222 and was over 100 in 21 of 33 patients. 

Thus it may be stated that in spite of what antibacterial effect 
the sulfanilamide may have exerted upon the streptococcus, the 
immunologic reaction, as exhibited by the antistreptolysin titer, 
continued to develop in the usual manner. There was an actual 
increase in the titer during treatment with the drug. The titer was 
lower at discharge than on admission in 9 of 27 subjects (33°) in 
Group I, and in 11 of 32 subjects (34%) in Group II. It had in- 
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creased in LL of 27 subjects (40¢°%) in the former group and 15 of 
$2 (47°7) in the latter. 

‘The titer was again determined in some of the patients approxi- 
mately 6 months later. With the improvement of the nephritis in 
inost of the patients, and the recovery in some, there was found a 
marked decrease in the number of units in each group. In Group | 
the titer was found to vary from 25 to 333 units with an average 
of 131, and in 16 of 29 patients it was over 100. The results in 
Group Il were found to show essentially the same decrease in the 
titer, but it is, indeed, worthy of mention that whereas in Group II, 
during the 6 months following discharge, there was a rise in titer in 
5 of 25 subjects, in Group I there was a definite decrease in the titer 
in every patient. 

ErrECT ON THE KIDNEYS. (a) Changes in Urinary Findings. 
On admission 99° 7 of the subjects in each group had albuminuria. 
In most instances this was marked. Comparisons of the urinalyses 
before and after sulfanilamide therapy show that there was a very 
slight increase in the albuminuria in 2 cases. The remainder ex- 
hibited a marked decrease. This improvement continued in all but 
| patient after sulfanilamide was stopped. At the time of discharge 
there was a great reduction in the number of patients showing 
albuminuria. As shown in Figure 2, only 31% of the ones who 
had received sulfanilamide showed albuminuria as contrasted with 
in (rroup II. 


TABLE 2.—CHANGES IN URINARY FINDINGS. 
4+. t+ 2+. +. I 0 otal +. Total. 


Alhumin. 
(On 


Group I S 7 37 3S 

Group Il 25 15 14 6g 70 
discharge 

Group I 0 0 l » 9 26 4 3S 

Group II 6 % 3 12 19 27 433 70 
Six months later 

Group | 0 » 5 1% 14 33 

( ip I] 2 1 2 9 1% 19 24 45 


Formed Elements. 
On admission 


Group I 24 0 2 3S 3S 

Group I] 3S 9 14 Ss l 0 70 70 
Qn discharge 

Group I 0 l 5 12 4 11 27 3S 

Group I] S 14 16 lt 54 70 
Six months later: 

Group | l 2 1 1 3 19 2 33 

Group II 2 7 11 22 33 55 


Not only was there a reduction in the incidence, but also in the 
degree of albuminuria. In no patient in Group I was this greater 
at discharge than on admission. This did occur, however, to 
| patient in Group IL. Urinalysis 6 months later showed a slight 
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increase in albuminuria in 6 of 33 patients (I1S¢Z) in Group I, 
whereas of 55 subjects in Group II there was a slight increase in 
17 (31%), moderate in 1 (1.8%) and marked in 2 (3.67). 

On admission, every patient in each group showed formed ele- 
ments in the urine and usually in large quantities. Comparison 
of this finding before and after sulfanilamide therapy demonstrated 
a very slight increase in | subject, but a decrease, marked in most 
instances, in the others. The improvement continued, except in 
+ patients, throughout the remainder of the stay in the hospital. 
Ilowever, the number of formed elements in the urine at the time 
of discharge was much less than on admission in all of the patients 
in Group |. In contrast, there were 5 (7°%) in Group IL who 
showed an increase, this being slight in 4 and moderate in | \s 


may be seen in Figure 2, there was a fair number of patients in 
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ic. 2.—Units of antistreptolysin in blood serum. 


each group whose urine became free of formed elements. It may 
also be noted that at the end of 6 months several others had entered 
this category. Of 33 patients in Group | examined at the end of 
(, months there was a slight increase in the formed elements in 7 
and a moderate increase in 2. Of 55 patients in Group IT, 8 showed 
a slight increase, 4 moderate and | marked. 

There were 9 (24%) of the patients in Group | who showed no 


| 
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albumin nor formed elements at the time of discharge. In compari- 
son there were 10 (14°) in Group II. At the time of discharge, 
there was more than 1+ albuminuria or 1+ formed elements in 
the urine of 7 (18°) of the 38 patients examined in Group I, and 
28 (4067) of 70 in Group Il. At the end of 6 months there was no 
albumin nor formed elements in the urine of 15 (45°) of 33 patients 
in Group I, as compared with 12 (22%) of 55 in Group II. 

A common observation following tonsillectomies is to note an 
increase in the amount of formed elements and albumin in the urine. 
This is sometimes quite marked. In our control group of 70 patients 
tonsillectomies were performed on 38. In 29 (75°) of these there 
was a definite exacerbation (usually transitory) in the nephritis, 
being marked in 6, moderate in 15, and mild in 8. The subjects 
who received sulfanilamide offer a striking contrast to this in that 
exacerbation occurred in only 4 (14%) of the 29 patients who had 
tonsillectomies. The reaction was severe in 1, moderate in 1, and 
mild in the other 2. Worthy of mention is the fact that 3 of these 
patients had received no sulfanilamide for a month preceding opera- 
tion. It should also be pointed out that the total intake of the 
drug was below average (49 gm.), being 1S gm. in 1 case and 27 
in the other 2. 

(b) Renal Function. The urea clearance was found to be im- 
paired to about an equal extent in the two groups at the time of 
admission (Fig. 3, Table 3). This test showed that the renal func- 
tion did not decrease in association with the sulfanilamide treatment 
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ALBUMINURIA | FORMED ELEMENTS FORMED ELEMENTS | ALBUMINURIA OR URINE AFTER 
PRESENT FORMED ELEMENTS | TONSILLECTOMY 
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Percentage of patients showing albumin or formed elements in the urine, 
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in any instance. Indeed, before this therapy was started there 
were only 24° of the patients with a clearance above 75% of nor- 
mal, whereas on the completion of this treatment there were 42°. 
At the time of discharge there had occurred a further improvement 
in each group, 48% in Group | having a function above 75%, as 
compared with 40°% in Group I]; at the end of 6 months this degree 
of function had been attained by 58°; in the former group, as con- 
trasted with 33°; in the latter. 
TABLE 3.—CHANGES IN UREA CLEARANCE. 


Less 


er cent of normal than 35 35-45 45-55 3-5 65-75 79-4 lota 
On admission 

Group II 5 13 11 52 
Before sulfanilamide 3 1 5 1 5 7 q 
\fter sulfanilamide | § 7 13 
On discharge: 

Group I 1 l ' 5 5 15 31 

Group II 2 | 7 10 5 19 17 
Six months later 

Group I () l ; 7 12 

Group II 0 () 0 5 7 6 1S 


The phenolsulphonephthalein test showed the kidney function to 
be less impaired at all times than did the urea clearance (Fig. 4). 
On admission, 56% of the patients in Group I and 28°% of the ones 
in Group II excreted more than 70% of the dye in 2 hours. At 
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SULPHANI! AMIDE LATER | LATER 
UREA CLEARANCE PHENOLSULPHONEPHTHALEIN 
| 
Fic. 4 Percentage of patients with urea clearance greater than 75% of normal 


or phenolsulphonephthalein excretion greater than 70% in 2 hours, 
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discharge, there were 75% in Group | and 44% in Group II 
that excreted this quantity of dve. Examination of some of these 
patients 6 months later showed this percentage to be 75 in Group I 
and 52 in Group II. Before sulfanilamide was started, 51% of the 
subjects in Group | had a function above 70% and at the conclu- 
sion of this therapy there were 71%. In only 1 case did this test 
show the function to be lower at the end of treatment than at the 
beginning. 

DURATION OF EpEMA AND HypeRTENSION. The edema was found 
to be of shorter duration in the subjects treated with sulfanilamide 
than in those not receiving this drug. In the former group it 
averaged 16 days, though varving from 2 to 135 days, while in the 
latter group it averaged 20 days with a variation of from 2 to 
05 days. ‘There was no demonstrable edema at any time in 7 sub- 
jects in Group | and in 9 subjects in Group IT. 

It was observed that in most instances, in each group, the dis- 
appearance of the edema was associated with a disappearance of 
the hypertension and, as was the case with the edema, the hyper- 
tension was of shorter duration in the group treated with sulfanila- 
mide than in the control group, averaging 15.8 days in the former, 
with a variation of from 2 to 40 days, as compared with an average 
of 25 days and a variation of from 3 to 95 days. There were 13 in 
Group | who never exhibited any hypertension. In | instance the 
elevation of blood pressure persisted for 3 months (this patient is 
not included in the above average). At discharge and 6 months 
later, only | of the patients in Group I had hypertension. There 
were 14 subjects in Group IIT who never exhibited any hypertension 
and there were 7 who maintained an elevation in their blood pressure 
throughout their stay in the hospital. Six months later 4 of these 
continued to have this elevation whereas in 2 it had disappeared. 
The other patient did not return for examination. 

CunicaAL Ourcome. In attempting to evaluate the final out- 
come in these two groups of nephritis, it is desirable to consider 
first the number of deaths that occurred in the acute phase of the 
illness. During this stage, there are usually several factors that 
play a part in the fatal termination. In many patients the severity 
of the infection itself is of paramount importance; in some acute 
myocardial failure leads to a fatal termination; and in others symp- 
toms of uremia are predominant, while in most instances acute 
anuria is present before death.” 

It is apparent, therefore, that control of the acute infection and 
relief of the acute myocardial failure, if successful, may save the 
life of the patient. 

It has appeared to us that the employment of sulfanilamide and 
the use of digitalis may have had this result in a few of the patients 
in Group I (Fig. 5). There was only 1 death in this group of 42 
patients during the acute phase of the disease. This occurred in a 
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inan 63 vears of age with a deep infection of the thigh, not proven 
to be caused by hemolytic streptococci. In Group II there were 
12 deaths (11%) during the acute phase. Five patients had severe 
hemolytic streptococcic infections of the throat accompanied in 1 
by suppurative cervical lymph adenitis and complicated in all by 
pneumonia. One patient died in uremia with acute infection of the 
facial sinuses due to beta hemolytic streptococci. In 2 patients the 
acute nephritis followed scarlet fever, with complicating hemolytic 
streptococcic infections of the throat and ears during which time 
death resulted from uremia with myocardial failure. One patient 
died of pneumonia and pericarditis, | of acute streptococcic infec- 
tion of the throat complicated by measles and hyperthyroidism, 
| from uremia and myocardial failure associated with a hemolytic 
streptococcic infection of the throat complicating sickle-cell anemia, 
and | from acute cardiac failure and nodal rhythm. 

It is not inconceivable that if the newer chemotherapeutic meas- 
ures had been available when these patients came under observation, 
the lives of some of them might have been saved. 

These deaths account in part for the comparatively low recover) 
rate in the control group; but they are not entirely responsible since 
the beneficial effect of sulfanilamide is manifested not only by the 
distinctly lower death rate during the acute phase, but also in modi- 
fy ing the subsequent course of the disease. 

Though it is admittedly difficult to determine accurately when 
complete healing of the nephritis has taken place, we have estab- 
lished the following criteria as being satisfactory for this purpose: 
The concentrated specimen of urine must be free from albumin, red 
blood cells and casts on more than one examination, often several, 
made at different intervals; or the Addis count must be within 
normal limits; the blood pressure must be within normal limits, 
and the urea clearance and phthalein excretion normal. Many of 
the patients whom we have considered as cured have been submitted 
to these tests on several occasions without showing abnormalities. 
A few patients have shown normal Addis counts when resting 
quietly in bed, but have voided urine when up and about that 
contained traces of albumin and small numbers of red blood cells. 
These patients have been classed as individuals in the latent stage 
of the disease. 

Using these criteria for the basis of classification, 29 (74.3%) of 
the total number of 39 patients treated with sulfanilamide who 
have been followed for at least 2 years are well, whereas only 56 
(52%) of the 108 control patients followed for at least the same 
period of time have recovered (Table 4). In Group I there are 
7 patients (16.6%) of the total number of 42 who are now in the 
quiescent stage. Three of these have been observed for only a few 
weeks so that the final outcome cannot be determined. Two of 
these have improved rapidly, 1 has done poorly. Two of the 
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39 patients in Group I are, after 2 vears, progressive. None has 
died in the chronic stage of the disease. 

In the control group, 11 patients (10° of the entire 108) are in 
the quiescent stage and 29 (27%) have progressed to a chronic stage, 
from which 5 of these 29 individuals have died. 


Panb.e 4 CLINICAL OvuTCOME OF PATIENTS FOLLOWED FOR 2 YEARS OR LONGER. 


Group I Group Il 
No No 
Wel 29) 74.4 56 0 
Latent 7 IS.0 11 10.1 
Progressive 2 5.0 24 22.2 
Dend l 2.6 17 15.7 
Potal , 39 100.0 108 100.0 


Discussion. Qn the basis of the foregoing facts, it seems reason- 
able to conclude that in most respects the 42 patients receiving 
sulfanilamide have shown more rapid improvement than the 10S 
control individuals observed for a similar length of time. This 
has occurred in spite of the fact that in the two groups there has 
been relatively little difference as regards the type or severity of 
the initial infection, the interval from the infection to the onset of 
the nephritis, the type or the severity of the nephritis, or the inter- 
val from the onset of the nephritis to the admission of the patient 
to the hospital. Furthermore, other forms of treatment have been 
essentially the same in each group. In association with the use of 
sulfanilamide there has occurred, in most instances, a great reduc- 
tion in the number of beta hemolytic streptococci in the throat or 
other foci of infection. This antibacterial effect apparently did 
not interfere with the immunologic response, as exhibited by the 
antistreptolysin titer of the blood serum, inasmuch as the quantita- 
tive changes in the serum bore the same relationship to the course 
of the disease in Group I as in the controls. The albumin and 
formed elements disappeared from the urine faster in the former 
groups; the kidney function, as indicated by the urea clearance 
and phenolsulphonephthalein tests, exhibited a definitely greater 
improvement; and the edema and hypertension were of shorter 
duration. Finally, of greatest importance was the fact that the 
incidence of recoveries was greater and the number of patients 
pursuing a progressive course distinctly less in the group that 
received sulfanilamide therapy. 

Contrary to our expectations, we were not successful in rendering 
the tonsils free of beta hemolytic streptococci in more than one-half 
the cases. We can reconcile this with the clinical improvement, 
and the smaller number of exacerbations in the nephritis following 
tonsillectomy, only by assuming that the sulfanilamide had exerted 
in the tonsils its usual réle of bacteriostasis. 

To state precisely the mechanism by which sulfanilamide has 
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effected an improvement in the inflammatory reaction in the kid- 
ney is not possible, inasmuch as the etiology of acute hemorrhagic 
nephritis has not been proved. Since there is very good presumptive 
evidence, however, to show that acute nephritis is associated with 
hemoly tic streptococcic infections (usually in the upper respiratory 
tract), since sulfanilamide has proved to be a potent defense against 
this organism regardless of where the infection lies, and since it is 


PERCENT 


PROGRESSIVE DEAD | 


Pir 5 Clinieal outcome of patients followed for 2 vears or 
I 


believed that the disappearance of infection and of this organism 
was related to recovery, there is reason to suppose that the bene- 
ficial effect of sulfanilamide resides in its antibacterial action on the 
infection. 

requent urinalyses and kidney function tests failed to demon- 
strate that sulfanilamide had caused any renal damage either in 
these er in other patients. This is true in spite of the fact that 
most patients had edema, hypertension, large quantities of albumin 
with formed elements in the urine, and an elevation of the non- 
protein nitrogen of the blood at the time that chemotherapy was 
started. 

Sulfanilamide should be given for several days preceding and fol- 
lowing tonsillectomy. It is useful to follow the same principle in 
association with other surgical procedures. 

Owing to the fact that it was desirable to employ sulfanilamide 
with some caution in these patients many of them were not treated 
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with entire satisfaction. The drug was usually stopped when fever 
or nausea developed, and it now appears that the amounts of 
sulfanilamide employed were sometimes unnecessarily large. Fre- 
quently , again, the drug was not given over a sufficiently long period 
in small doses of 1.5 to 3 gm. a day. It may well be desirable to 
institute during the period of convalescence a form of therapy 
similar to that devised by Thomas and France*! and by Coburn and 
Moore’? in their effort to prevent recurrences of rheumatic fever. 
In their hands the method has been highly successful and promises 
to be of signal value in the prophylactic treatment of rheumatic 
fever. It is our intention to adopt this procedure and to administer 
doses of sulfanilamide varying from 1.5 to 3 gm. a day over long 
periods of time following recovery from the acute phase of the 
disease, or possibly until all evidence of disease of the kidney dis- 
appears. It is hoped that by this means the duration of the dis- 
ease may be shortened, recrudescences of hemolytic streptococcic 
infection prevented and the number of final recoveries increased. 

Conclusions. A comparative study has been made of the course 
of acute hemorrhagic nephritis in a group of 42 individuals treated 
in essentially the same manner as a group of 10S similar individuals, 
except that in the former group sulfanilamide was administered. 
Most of these patients have been followed from 2 to 5 years or 
longer. 

The results indicate that in the subjects receiving sulfanilamide 
the foci of infection have cleared up more rapidly, the signs of renal 
lamage have disappeared more rapidly, the exacerbations of the 
nephritis following tonsillectomy have occurred less frequently, the 
duration of the edema and hypertension have been shorter and the 
clinical recoveries have been greater. 

In the group of 42 patients treated with sulfanilamide there was 
| death in the acute stage. Complete recovery occurred in 15 of 
$3 cases who returned for observation after 6 months and in 29 
of the 39 patients, or in 74.3 of those followed for at least 2 vears. 
Three additional patients who have been followed for only a few 
weeks are in a quiescent stage. , Five of the 39 patients are in the 
quiescent stage, and 2 are in a progressive stage. 

In the control group of 108 patients, on the other hand, there 
were 12 deaths in the acute stage, and 5 deaths following a progres- 
sion to chronic nephritis. Of the entire group of 10S patients there 
are only 56 complete recoveries, giving a percentage of 52; 11 
patients are in the quiescent stage, and 24 in the chronic progressive 
stage of the disease. 

The course of the immunologic reactions as exemplified by the 
antistreptolysin titer of the blood serum has been practically the 
same in both groups. 

There was no evidence that sulfanilamide caused renal damage 
in any case. 
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IN previous papers on the effect of various sulfonamides on the 
vrowth rate of Brucella melite nsis and of pheumococcus, | - we dis- 
cussed the advantages of the manometric technique of measuring the 
bacterial metabolism quantitatively under physiologic conditions, 
as compared with the conventional bacteriologic methods of cultur- 
ing and counting the bacteria. In this paper we are reporting the 
results of manometric determinations of sulfonamide effects upon the 
growth rate of staphylococcus. 
Experimental. Very young cultures of three strains of hemolytie Staphy- 
lococcus albus and aureus were examined. They were isolated from the 
blood of a staphylococcus endocarditis, from the pus of a diabetic patient 
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with furunculosis and from a conjunctivitis exudate. Beef infusion-0.5°, 
glucose-1©, Difeo-Bacto-peptone broth (pH 7.4) was used as culture 
medium. Rough differences in the number of bacteria were measured with 
the photronrefleetometer (Libby). The bacteria volume was determined 
in the hematoerit by centrifuging aliquot parts of the bacterial suspension. 

Since measuring the number and volume of the bacteria with the photron- 
reflectometer and the hematocrit gives no information about the activity 
of the bacteria, the metabolism of the staphylococcus culture to be used 
Was measured ina preliminary manometric experiment. In this, the oxygen 
consumption of one or two colonies of a 10- to 24-hour-old blood agar cul- 
ture suspended in glucose-peptone broth was recorded (1 to 3 hours) until 
active growth was quantitatively established. These cultures of definite 
age and activity were used for making the suspensions for the final experi- 
ments with the sulfonamides. 

Conical manometer vessels of f8 to 20 ce. capacity contained 2 cc. of the 
bacteria suspension in the main space. In the aérobic experiments the side 
bulbs of the manometer vessels contained 0.2 ec. 20°, NaOH, and the 
oxygen consumption of the cultures was measured either in air or in other 
©), N. mixtures. In the anaérobic experiments the medium was buffered 
with O.OL to 0.025 M sodium bicarbonate and the CO, formation was 
measured at various CO, concentrations in nitrogen. The temperature 
was 38° C, 


The drugs tested were sulfapyridine sodium (sodium 2-sulfanily] 
amino-pyridine monohydrate, Merck), sulfaguanidine (sulfanily] 
guanidine, Lederle), sodium disulon (sodium sulfanily! sulfanila- 
mide, Alba Pharmaceutical Co.), sulfadiazine (2-sulfanilamido-pyri- 
midine, Lederle), sulfathiazol (2-sulfanilamido-thiazol, Winthrop), 
and sulfathiazol sodium (sodium 2-sulfanilyl-aminothiazol sesqui- 
hydrate, Squibb). In testing the potency of the various drugs one 
should avoid using relatively small quantities of bacteria with rela- 
tively high concentrations of drugs, and low concentrations of the 
drugs with large quantities of bacteria, since in the first instance the 
same strong inhibitory effect is seen no matter what drug is used, 
and in the second, no inhibitory effect can be seen at all. One must 
therefore vary drug concentration and bacteria inoculum until 
maximal discrepancies in the effectiveness of the various drugs in 
equal or different concentrations become apparent. 

Figure | shows a typical experiment that complies with these 
conditions. . The potency of the various drugs can be read from the 
figures obtained for the oxygen consumption of a staphylococcus 
culture, recorded every 15 minutes. The percentage concentration 
of the various drugs used was 0.5 mg. per 100 cc. The initial density 
of the suspension was 700,000 organisms per cc. The original cul- 
ture was | hour old. The least effective of the drugs tested was 
sulfaguanidine. After 45 hours the oxygen consumption. was 
(65 c.mm. per hour as compared to 865 c.mm. of the drug-free con- 
trol. Next in potency was sulfapyridine sodium. (623 ¢.mm. QO, ¢on- 
sumption per hour), then sodium disulon (534 ¢.mm.), and sulfa- 
diazine (402 ¢.mm.). The most effective was sulfathiazol sodium 
and sulfathiazol (182 and 203 ¢.mm.). The number of bacteria 
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grown, even after so short a period, was in sulfadiazine more than 
twice, and in sulfapyridine sodium more than three times the growth 
in sulfathiazol. 

[t is worth emphasizing that in the three strains of staphylococcus 
tested, sulfadiazine had a greater growth-inhibiting effect than sulfa- 
pyridine sodium, whereas in the case of pneumococeus (‘Types I, 
Il, IIL), examined under the same experimental conditions, sulfa- 
pyridine sodium proved definitely superior to sulfadiazine. For 
both bacteria, sulfathiazol was the most potent growth inhibitor 
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Figure 2 shows the effect of 0.5 mg. per 100 ce. and | mg. per 
100 ce. sulfadiazine and sulfathiazol on the staphylococcus growth 
rate. After tt hours the growth inhibition of 0.5 mg. per 100 ce 
sulfadiazine was 61° and of 1 mg. per 100 cc. sulfadiazine 77%, 
whereas 0.5 mg. per 100 cc. and | mg. per 100 ce. sulfathiazol caused 
inhibitions of 83% and 84° respectively. 

It seemed worthwhile to establish whether the growth-checking 
effect of the sulfonamides depends on an optimal oxygen concentra- 
tion, like that of atmospheric air, or whether it can also be demon- 
strated at lowered oxygen concentrations and under anaérobic 


conditions. Figure 3 shows the effect of 3.8 mg. per 100 cc. sulfa- 


ERFRFECT OF SULFONAMIDES ON HEMOLYTIC STAPHYLOCOCCUS 175 


thiazol on the staphylococcus growth rate in a beef-infusion-glucose- 
broth culture (2.35°10°°M NalICOs), determined by measuring the 
(QO. formation at 50% CO, Ne (pH 7.44). The initial density of the 
suspension Was about 50 times as high as that in the foregoing experi- 
nents (37 million organisms per cubic centimeter). The original 
culture used as inoculum was | hour old. After an experimental 
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period of 3 hours, the drug-free control showed a growth of bacteria 
corresponding to a CO, formation of 264 ¢.mm. per hour, whereas 
the CO, formation in the sulfathiazol containing culture was only 
52.5 ¢mm. Under anaérobic conditions then, in spite of the large 
inoculum, a concentration of 3.3 mg. per 100 cc. sulfathiazol caused 
a growth inhibition of 80°. Sulfadiazine, sulfaguanidine and sulfa- 
pyridine sodium too exhibited a strong inhibitory effect on the 
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growth rate of staphylococcus under anaérobic conditions. In Op 
concentrations of 8 vol.% and 4 vol. the inhibitory effect of the 
sulfonamides was likewise apparent. 
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Summary. ‘The effect of various sulfonamides on the growth rate 
of 3 pathogenic strains of hemolytic staphylococcus was determined 
by measuring manometrically the oxygen consumption and anaéro- 
bic CO, formation of glucose-peptone-broth cultures. The order of 
potency of the various drugs tested was as follows: least effective, 
sulfaguanidine with a bacteria growth after 44 hours which cor- 
responded to an oxygen consumption of 665 c.mm. per hour, as 
compared to 865 c.mm. of the drug-free control; then sulfapyridine 
sodium with 623 e.mm.; sodium disulon with 534 ¢.mm.; sulfadiazine 
with 402 ¢.mm.; and sulfathiazol and sulfathiazol sodium with 205 
and 182 ¢.mm. respectively. 

The amount of staphylococcal growth in sulfapyridine sodium was | 
more than 200% in excess of that in sulfathiazol, while that in 
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sulfadiazine was only 100°. In pneumococcus cultures, examined 
under the same experimental conditions, !sulfapyridine sodium was 
definitely superior to sulfa diazine. For both bacteria sulfathiazol 
was the most potent inhibitor. 

By varying the concentrations of the drugs it could be shown 
that sulfadiazine was only half as effective as sulfathiazol as a growth 
inhibitor of staphylococcus. The sulfonamides inhibit the staphylo- 
coccus growth rate not only at optimal, but also at lowered oxygen 
concentrations, and under anaérobic conditions. 
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Tie anatomy of healed cavities which up to a short time ago 
Was a matter of conjecture can now be based on reliable observations 
followed up by Roentgen ray studies and necropsy. The number of 
such cases, however, is still small and there is much speculation as 
to the complicated series of events leading to closure or elimination 
of cavities. Three anatomic forms of healed cavities can be differ- 
entiated: 1, The solid focus due to retention, inspissation and final 
calcification of the cavity contents; 2, the radiating scar; 3, the 
bronchiectatic area remaining after the substitution of caseous and 
tuberculous elements in the cavity wall by ordinary granulation 
tissue, with subsequent epithelialization and fibrous shrinking of 
the space. 

No figures are available assessing how often one or the other type 
of change occurs in cavity healing. All this justifies adding to our 
previous report (Pagel and Simmonds") a further series illustrating 
the anatomy and development of cavity healing. 

Case Reports. (Case 1.--R. R., female, aged 14, had cough for 1 year 
with sputum positive for tubercle bacilli, and advanced tuberculosis in each 
lung with cavities (probably 3 or 4 in the left lung) each of approximately 
| to 1} inches in diameter. Patient was treated by strict rest for 4 months, 


* Owing to postal difficulties, proof of this article was not returned to the author 


tor correc tion 


178 PAGEL, SIMMONDS: 


then left artificial pneumothorax (Dec. 9, 1988) and right artificial pneumo- 
thorax (Dec. 28, 1938) in view of grave prognosis. Cavities still present 
on Jan. 1, 1989. Died, Feb. 6, 1939. 

Necropsy revealed in the subpleural ventro-axillary aspect of the left 
upper lobe, 3 soft caseous but solid foei with a fibrotic capsule, 0.2 em. 
thick. Two were in the subapical and infraclavicular region and one in the 
lower parts of the upper lobe near the interlobar fissure. This focus was 
larger than the others. Its largest part belonged to the dorsal portions 
of the lobe. In the ventral parts it forked and was seen in a section as 
two partly separated foci. Its contents were softer than those of the apical 
foci, consisting of caseous, necrotic, partly edematous material rich in 
leukocytes, poor in tubercle bacilli, and lacking collagenous and elastic 
elements. Similar material was found in the large bronchi leading to the 
focus. In the formalin specimen it tended to retract from the periphery. 
The lung tissue surrounding the apical and subapical foci was aérated and 
slightly emphysematous, whereas the dorsal parts of the lower and largest 
focus were in collapsed and indurated lung parenchyma. 

Obviously the solid foei correspond in size and situation to the three cavi- 
ties seen in the roentgenograms. The cavities were, therefore, converted into 
solid foci. The last roentgenogram was taken 4 weeks before death. This 
case thus affords an opportunity of estimating the minimum lime necessary 
for the disappearance of a cavity. It should be noted: that the cavities 
brought to closure were ol considerable Size, the lowest one reaching a 
diameter of about 1} inches. 

Case 2.—N. Q., female, aged 17, had tuberculosis for 1 year, with 
right artificial pneumothorax in June, 1937, for hemoptysis. A cavity was 
present in right lower zone, and had spread on left side in 1938, Patient 
died following spontaneous pneumothorax on left side (Dee. 9, 1938). 

A cavity in the right lower lobe (Figs. 1 and 2) disappeared between the 
roentgenograms of Dec. 10, 1937, and May 26, 1938; it was much smaller 
in the roentgenograms of July 6 and Sept. 13, 1937 (in spite of neighboring 
infiltration). It was still smaller in the roentgenogram of Oct. 18, 1937 
(after absorption of neighboring infiltration). 

Necropsy. In the dorsal portions of the right lower lobe, lung tissue 
was collapsed and indurated and contained an old caseous encapsulated 
focus the size of a bean (Fig. 3). Several similar but smaller nodules were 
found, one in the apex and another in the more caudal parts of the lower 
lobe. In addition, a complete and calcified primary complex was detected 
in the right lower lobe and corresponding hilar gland. No cavity was 
visible in the right lung. 

The area of induration containing an old caseous encapsulated focus in 
the right lower lobe obviously corresponds to the cavity followed up in the 
roentgenograms until disappearance. According to radiologic evidence the 
conversion of the cavity into a solid focus was achieved in less than 5 months 
It was a fairly large and not a thin-walled cavity and had been greatly 
reduced in size 2 months after pneumothorax was induced. 

Case 3.—M. B. W., female, aged 38, had bilateral pulmonary tuberculosis 
for 3 years, with cavity in right upper lobe, diameter 1} inches (Fig. 4) 
Sputum tubercle bacilli positive. Extrapleural pneumothorax in Novem- 
ber, 1937. Cavity not seen thereafter (Fig. 5). Patient died, Jan, 21, 1940, 
following spontaneous pneumothorax on the left side. 

Necropsy. The right upper lobe especially in the apical part was greatly 
shrunken, the pleura being about 1 em. in thickness. The dorsal parts 
contained besides a subpleural emphysematous bulla and a few small seat- 
tered caseous nodules, an old caseous round focus with a thin capsule. The 
ventral parts of the caseous round focus connected with a bronchus filled 
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Pic. 1.--Case 2 (July 6, 1937 Right lung. Cavity in lower zone. 

Fic. 2.—Case 2 (July 27, 1938). Cavity disappeared. 

Fig. 3.—Case 2. Solid focus in lower part of right lower lobe corresponding to 
site of cavity. : No cavity visible. 

Fic. 4.—Case 3 (May 26, 1937). Large cavity in the infraclavicular part of the 


left upper lobe. 


Fig. 5.—Case 3 (April 13, 1939). Extrapleural pneumothorax. Cavity disap- 
peared 
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with old caseous material and therefore very similar in nature to the round 
focus itself (Fig. 6). This area of caseous bronchitis was most impressive 
The round focus and caseous bronchitis were obviously the remains of the 
cavity shown in the original roentgenogram and disappeared after extra- 
pleural pneumothorax treatment 

Case 4.--B. M., male, aged 26, had tuberculosis involving both lungs for 
2) vears. In the right side, he had a large cavity below the clavicle (23 inches 
in diameter), and on the left side, three cavities were present, each about 
1 inch in diameter, one just below the clavicle and the others more caudally 
(Fig. 7). A left pneumothorax was induced (March 8, 1940), and the upper 
and lowest cavities were thereafter no longer visible, although the middle 
cavity persisted (Fig. 8). This cavity ruptured after the adhesion over it 
had been divided. 

Necropsy. The subapical region of the left upper lobe contained an 
encapsulated caseous focus which was round in the dorsal parts and oblong 
in the more ventral aspects. The capsule was thin, 0.2 em. in width, the 
surrounding lung tissue emphysematous and not collapsed or indurated 
a) The eavity which the roentgenogram showed in the infraclavicular parts 
of the left lung was obviously substituted by a solid round and partly oblong 
caseous focus. <A tear into the middle part of the upper lobe (b) was present 
at the site of the central cavity (spontaneous pneumothorax Another 
solid focus represented the lowest cavity (c) (Fig. 9). 

Case 5.—R. H., male, aged 23, had tuberculosis of left lung for 3 years 
with several cavities, and was treated by artificial pneumothorax and adhe- 
sion section (June, 1937). Spread of disease noted in right lung, so left 
artificial pneumothorax was abandoned in May, 1940, and right artificial 
pneumothorax begun. Death resulted from right spontaneous pneumo- 
thorax. Roentgenogram, May 18, 1938: Extensive cavitation left upper 
lobe, uncollapsed by pneumothorax. Roentgenogram, July 13, 1940: After 
artificial pneumothorax cavitation right upper lobe, no obvious cavity on 
left side. 

Necropsy revealed a small shrunken cavity the size of an almond in the 
dorsal parts of the right upper lobe, near the interlobar fissure. The cavity 
was almost completely filled with inspissated contents, but still contained a 
small lumen which did not communicate with the bronchial system. 

Left lung: The upper lobe contained three well-encapsulated round foci 
with adjacent caseous bronchitis and in addition a few smaller nodules, 
but there was no cavity visible. The lung, as a whole, was shrunken and 
the pleural membrane thickened. 

The cavities visible in the roentgenogram in the left upper lobe were 
replaced by solid round foci, whereas there was still a remnant of the cavity 
in the right upper lobe. : The cavity in this part, however, is considerably 
shrunken, almost filled with inspissated contents and does not communicate 
with the bronchi. It may be assumed that it would have closed completely 
if death had not intervened. The actual interval between the last roent- 
genogram showing a large uncollapsed cavity in the right lung and death 
was 3 weeks. Note that in this interval the cavity had nearly, though not 
completely, been replaced by a solid focus. 

Case 6.—Male, aged 41. Roentgengram showed a cavity and infiltra- 
tion in right mid-zone (Fig. 10). Right artificial pneumothorax begun in 
December, 1936, was followed by adhesion-section, and maintained for 4 
years. Roentgengram in September, 1940, showed no lumen to an opacity 
representing previous cavity and infiltration (Fig. 11). Died April, 1941. 
At necropsy, in the right lower lobe there was an old dry caseous, partly | 
calcifying, nodule about 1 inch in diameter, with adjacent caseous calcifying 
bronchitis (Fig. 12). No cavity was seen in the right lung 


I Left upper lobe: F, Solid focus at the site of the cavity; EF, 
emphysematous bulla: B, caseous bronchitis attached to focus. 


Fic. 7. —Case 4 (Sept. 18, 1939 Left upper lobe showing three cavities (arrows). 

Pia. 8. —Case 4 (June 21, 1940). Two tavities have disappeared; cavity in mid- 
zone persisting. 

hic. 9.—Case 4. Left upper lobe: (a) Solid oblong focus (caseous bronchitis) 
in the subapical parts corresponding to cavity shown in the infraclavicular area of 
big. 7; (6) slit-shaped collapsed cavity in mid-zone with perforation corresponding 
to mid-zone cavity in Fig. 8; (c) solid focus in lower part of left upper lobe correspond- 
ing to lower cavity in Fig. 7. (181) 
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Discussion. All cases presented in this series are examples of 
cavity healing by conversion of the space into a solid, caseous and 
calcifying focus. At necropsy no cavity could be traced, but cor- 
responding in situation, shape and size in the specimen was a caseous 
nodule looking like an ordinary “round focus.”’ 


hic. 10.—Case 6. Oct. 17, 1936. Cavity (arrow) and infiltration in the right 
mid-zone 


hic. 11.—Case 6, Sept. 17, 1940. Large artificial pneumothorax right. Cavity 
replaced by solid shadow (?sear 

Fic. 12.—Case 6. Anatomic specimen of lower part of right upper lobe showing 
calcifying round focus with caseous bronchitis at site of cavity. 
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Various stages of the development are represented in the cases 
described. The last stage, 7. ¢., calcification, was traced through 
from the initial cavity in our observation reported in a previous 
paper (Pagel and Simmonds"). 

In the present case, Case 1, the process of closure must have 
heen very recent. The roentgenogram still showed the cavities, but 
at necropsy, foci consisting of a soft caseous matter had taken 
their place. Two points are noteworthy in connection with this 
case: (a) The short interval of 4 weeks necessary for the conversion. 
ln our previous series™ (loc. cit., 1939, Case 4) a similar instance 
was reported and an interval of 2 months was found between the 
last roentgenogram still showing the ring shadows of cavities and 
the hecrops\ revealing soft, but solid nodules. Three months 
was the interval in the observation by Pagel and Roberts.'° We 
are in accord with Pinner™ that the soft focus as seen in these 
cases mnay revert, and need not necessarily result in permanent 
closure, but it is, no doubt, an earlier stage of the older caseous and 
calcifying nodule which is found in securely stabilized, 7. ¢., healed 
cavities. (b) The same soft material as in the nodule was found in 
the bronchi leading to the closed cavities. One of them consisted 
in its whole ventral part of a system of bronchi with caseous material 
(“caseous bronchitis”). This shows the importance of the bronchi 
at an early stage in cavity healing. Even more pronounced was 
the caseous bronchitis in Case 3 which showed a more advanced 
stage with beginning calcification of the closed cavity. 

The same prominence of caseous bronchitis attached to closing 
or healed cavities has been noted in our previous series (loc. cit., 
1939, Cases 2 and 3) and it appears to be an essential feature. 
Only in the present Case 2, we found no caseous bronchitis, the 
bronchi leading to the closed cavity being obliterated, ending blindly 
in the fibrotic capsule. 

Such frequent observation of an area of caseous bronchitis imme- 
diately connected with the closing or healed cavity has not been 
recorded in the few anatomic cases of closed cavity healing which 
have been described, although it has been emphasized that there 
Was no communication of the focus with the main bronchi (Wurm,'® 
Auerbach and Green*). Our findings are, however, important in 
the light of Coryllos’ theory which regards early bronchial closure 
as the main factor in cavity healing. Pinner has also recently 
given a qualified support to his view. The pictures presented in 
this paper are evidence in favor of this theory. It cannot be 
assumed that the bronchial changes are secondary to cavity closure 
for the following reason: If early infiltrations of the Assman type 
or early “round foci” are examined anatomically caseous bronchitis 
will be found connected with the focus in practically all cases, and 
in some of them forms the main part of the changes or the lesion 
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itself. Lf cavity formation occurs, liquefaction manifests itself first 
and most intensely in the focus and secondarily, to a lesser degree, 
in the caseous bronchus leading to it. This is probably due to 
multiplication of tubercle bacilli in the focus and not in the bronchus. 
It is obvious that after liquefaction of the central focus the bronchus 
often retains a considerable quantity of caseous material leading 
(particularly after induction of collapse therapy) to occlusion and 
kinking of its lumen with all consequences of cavity collapse, reten- 
tion of cavity contents and healing, such as visualized by Coryllos. 
Thickening of the bronchial wall by tuberculous infiltration and 
edema increase the tendency to occlusion. 

As a rule, caseous bronchitis which may thus lead to occlusion 
of the cavity Is a diffuse lesion involving the bronchial wall in its 
whole length and not only a localized “ bronchial plug” formed at 
the entrance of the bronchus into the cavity. Those authors who 
advocated the theory of cavity healing by bronchial occlusion 
suggested that a “ bronchial plug” is responsible. Such “* bronchial 
plugs” do occur. First anatomical evidence of this has been given 
by one of us (Pagel and Roberts'’) in a case in which a “* bronchial 
plug” accounted for distention and subsequent extensive collapse 
of a cavity and surrounding lung tissue. 

These changes in the bronchi, beneficial when they lead to cavity 
healing, may be a most dangerous element in other cases when the 
bronchial lumen is partially obstructed and acts as a valve allowing 
air to enter, but not to leave the cavity. Such action leads to 
cavity distention, at times of severe degree. A liberal oxygen 
supply thus provided might accelerate the multiplication of tubercle 
bacilli and the breakdown of lung tissue. This, combined with 
intracavitary tension, leads to rupture and pleural contamination. 
It is shown by one of the cavities observed by Pagel and Roberts!" 
which exhibited extensive caseous changes all along the wall of the 
draining bronchus and had ruptured in the course of artificial pneu- 
mothorax treatment and adhesion cutting. In this way serous 
effusion and empyema are produced. This complication is much 
more common when the cavity fails to close by pneumothorax 
therapy—in other words, when the cavity remains tense by the 
valvular action outlined. 

In our view, the presence of tuberculous caseous bronchitis con- 
nected with a cavity has not been sufficiently emphasized. Not 
only in the stages of cavity healing described or in the gross com- 
plications mentioned above, but at all stages of cavity formation 
and development, does this bronchial lesion play its part. Particu- 
larly in the earlier and elastic stages of the cavity, bronchial tuber- 
culosis with its valve mechanism causes the increase, and sometimes 
rapid variation, in cavity size. It accounts for the circular shape 
of cavities seen in the Roentgen ray film, though such cavities seen 


CAVITY HEALING AND BRONCHIAL OCCLUSION ISS 


in the cadaver may be irregular in shape due to postmortem diffu- 
sion of the air in them. 

As to the question of frequency of the various forms of anatomic 
cavity healing, the present authors have now collected a total of 
10 cases. In only 2 of them “open cavity healing” (7. e., healing 
of the cavity wall with persistence of the hole) was observed, while 
S were examples of cavity closure by conversion into a caseous or 
calcifying nodule. There was, however, no example of healing by 
formation of a radiating fibrotic scar.* Although the number of 
cases is still small and hardly permits of a statistical analysis, healing 
by conversion of the cavity into a solid focus seems to be the most 
frequent anatomic basis of cavity healing. 


| Tyres or Caviry Heauine 1n Cases with NECROPSY. 
Open Conversion Hydrops 
eavity Radiating into solid 0 
\uthors he aling scar focus CAVITS 

Crilbert l l 
Page l 
\lex 
Graeff l 
MePhedran and Long* l 
Swenany | 
Am bersor l 
Pagel and Robinson l 

irwowski l 
Pinne 
Pinne ib l l 
Derscheid and Toussaint! l 
Pagel and Roberts l 
Wurm 3 ] 
Pagel and Simmonds » 
Auerbach and Green l l 3 
Pagel and Simmonds 
11 16 l 
Pot of 35 cusses. 


The same conclusion emerges from a study of the literature 
Table 1) and has been drawn by Auerbach and Green.’ The fre- 
quency of cavity healing by conversion into a solid focus vindicates 
the assumption made by many clinicians for a long time that a calci- 
fied nodule often represents the last remnant of a healed cavity. 
This was often doubted and the calcified nodule regarded as ancient 


* The 2 cases of open cavity healing are those described by Pagel® and Pagel and 
Robinson,'' the others observed by Pagel and Simmonds."? Pagel and Simmonds’ 
paper had been sent to press for a long time when the observations by Wurm!" and 
Derscheid and Toussaint‘ appeared. Before this there was only one observation of 
cavity healing by conversion into a solid focus, that by Graeff. The instance de- 
scribed by Amberson? shows a special form of cavity closure. It appears to be filled 
with a fluid rich in cholesterol crystals: ‘‘Hydrops of the Cavity.” This may 
constitute an early stage of conversion into a solid focus, but in Amberson's case the 
hydrops had persisted for 10 years and it is unlikely that conversion would have 
occurred thereafter. 
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primary or postprimary foci appearing in the roentgenogram after 
the cavity has disappeared (Wurm!) 

In the whole material of the present authors the healing of the 
cavity Was spontaneous in only 1 case and in the other 10 coll: apse 
therapy had been employed (in 8 cases artificial pneumothorax, in 
2 extrapleural pneumothorax). 

Healing by conversion into a solid focus, as also that by formation 
of a radiating scar, obliterate the cavity; in open cavity healing a 
space persists. The first two methods of cavity closure may be 
grouped together, therefore, as far as the result is concerned. — It is, 
however, doubtful whether they have anything else in common, 
notably in their pathogenesis. Nor is it conceivable that one form 
is the terminal phase of the other; in other words, solid caseous 
material which tends to calcification is unlikely to disappear com- 
pletely and result in a fibrotic scar. It is more likely that either 
concentric fibrosis with a final scar, or inspissation of cavity contents 
without conspicuous fibrosis, occurs. 

Why do some cavities heal by scar formation and others by con- 
version into a solid nodule? The answer to this question must 
remain a matter of speculation, but the following explanation is 
tentatively advanced. In our own series, pneumothorax was the 
means of therapy used. Following this operation there may be a 
rapid closure of the bronchus which has been already partiall) 
obstructed by caseation. The thick caseous lining of the cavity 
therefore does not have time to be discharged or to become absorbed, 
but absorption of the air in the cavity allows collapse and the 
caseous lining appears as a solid encapsulated focus. Where the 
bronchus is more patent, drainage is more free and there is less 
material to form a solid nodule. The closure of the cavity also 
may then be a slower process and be accomplished by concentric 
shrinking of the cavity wall by fibrosis and obliteration of the 
lumen with the final result of a sear. 

In view of the rapid changes in size which cavities can assume 
(according to intracavitary pressure and the condition of the bronchi, 
as shown by the pioneer work of Pearson") it is hardly justifiable to 
continue otiose considerations as to the maximum size of a cavity 
permitting of healing. 

Summary. |. A new series of 6 cases illustrating the anatomy 
of healed cavities is described. 

All observations were examples of cavity healing by conversion 
of the space into a solid caseous nodule. 

Four weeks appears to, be the minimum time needed for this 
process. 

Anatomic evidence was adduced that occlusion of the draining 
bronchi (either by obstructive caseous bronchitis or by formation of 
a caseous plug) is largely instrumental in this form of cavity healing. 
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». Nine of 11 cases observed by the present authors and 16 out 
of 35 instances of anatomic cavity healing recorded in the literature, 
are examples of healing by conversion into a solid nodule. The 
frequency of this form vindicates the clinical assumption that not 
infrequently calcified nodules appear at the site of former cavities 
as the terminal stage of healing. 

(. Conversion into a fibrotic radiating scar and into a solid focus 
differ in genesis and are identical only in the result — the disappear- 
ance of the actual space. 
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Tur plasma prothrombin level is frequently 159% to 25°, below 
normal in patients with chronic debility, despite administration of 
adequate amounts of vitamin kK. This was found to be true of the 
nutritional deficiency states seen in the Nutrition Clinic of the 
Hillman Tlospital at Birmingham, Ala. Similar values were ob- 
tained in many debilitated patients in the University Hospital at 
lowa City. The combined results of both studies were recently 
reported. In contrast to this mild hypoprothrombinemia, several 
patients with pernicious anemia, seen at the Hillman Hospital 
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through the courtesy of Dr. R. W. Vilter, were found to have only 
about one-half the normal amount of prothrombin. 

In recent studies at the University Hospital we have extended 
these preliminary observations on pernicious anemia. In addition, 
we now have data to show that this hypoprothrombinemia is not 
appreciably affected by the administration of vitamin Kk. Follow- 
ing the institution of liver therapy, however, there is an abrupt rise 
in the prothrombin level. 


Material and Method. Twenty cases of Addisonian pernicious anemia, 
admitted to the University Hospital, were made available for study by 
the staffs of the Departments of Medicine, Neurology and Urology. The 
diagnosis was based on the history, and the clinical and laboratory findings, 
together with the hematologic response to liver extract. 

Twelve of the 20 cases received daily intramuscular injections of 1 to 
5 ee. of liver extract (Lilly or Lederle, 15 U.S.P. units per cubic centimeter). 
Of these 12, 7 were given vitamin K for 3 to 6 days prior to the institution 
of liver therapy. As a source of vitamin K activity we administered 
2-methyl-1, 4-naphthoquinone in 5 of the cases (6 mg. daily, given in corn 
oil, along with bile salts). Instead of this compound, 2 cases received daily 
intravenous injections of 1 mg. of 4-amino-2-methyl-l-naphthol (“Synka- 
min’’*). Prothrombin determinations were made by the two-stage method 
of Warner, Brinkhous and Smith.‘ 


1 PROTHROMBIN VALUES IN PaTiENts Wirn PernNicious ANEMIA 
Erythr te 
hematocrit Prothrombi Central nervous 

Case No w// ™ of norma tem damage 

l ll 10) + + 

2 14 

> 15 52 

17 

5 IS 0 

19 5 

7 10 52 

2) 10 

2) 

10 20 GS 

1] 42 

12 59 

13 23 17 

14 24 12 

15 26 73 

16 27 17 

17 29 13 

18 29 60 

19 31 S2 

20 35 5S 

f Central nervous system damage estimated as follows: 0, no subjective ot 

objective findings; +, paresthesiw; + +, mild objective findings; + + +, marked 
objective findings; +++ +4; cord degeneration to the point of paralysis 


Results. ‘The prothrombin values obtained at the time of admis- 
sion in this group of cases are shown in Table 1. The cases are 
listed in order of hematocrit values. Only 3 of the patients showed 
prothrombin values greater than two-thirds of the normal level, 
and in 10 (one-half of the cases) the values were less than one-half 


* The ‘‘Synkamin" used in this study was kindly furnished by Parke, Davis & Co 
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of the normal. There is some tendency for the lowest values to 
occur in the cases in which the anemia is severe. However, it is 
evident from the table that the degree of anemia and the degree of 
hyvpoprothrombinemia are not closely correlated. There is no cor- 
relation whatever between the degree of prothrombin deficiency 
and the amount of nervous system damage. 
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Carr 1. Prothrombin response to therapy in pernicious anemia (12 cases). 


_ The effect of therapy on the prothrombin level of the treated 
cases is shown in Chart 1. The first part of the chart shows that 
the administration of large amounts of vitamin Kk had no consistent 
influence on the prothrombin values. The very slight improvement 
seen in a few of the cases is not more than might result from general 
improvement incident to bed rest. The last part of the chart shows, 
in contrast, that the level rises rapidly following the institution of 
liver therapy. The rise was somewhat more rapid than the cor- 
responding increase in circulating red cells, and was much greater 
than could resylt from simple concentration of the plasma due to 
increase in the hematocrit. Maximum prothrombin values, reached 
in about | week, were maintained. The prothrombin level did not, 
however, rise to quite normal values, and in general, the level 
ultimately reached was higher in the cases having the higher initial 
values. In the majority of the cases the daily dose of liver extract 
was | cc.;a few given larger amounts showed no greater prothrombin 
response. 
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Discussion. ‘The lowest prothrombin value observed in these 
cases, 40° % of normal, is above the level at which bleeding ordinarily 
occurs, and none of the cases showed any clinical evidence of hemor- 
rhage. It is perhaps significant, however, that the clotting power 
of the blood, as measured by the one-stage prothrombin methods, 
is essentially normal. Thus, the prothrombin levels in these cases, 
by both the “bedside” test® and by the method of Quick,’ were 
found to be within normal limits, and were not modified by treat- 
ment. The biologic significance of the failure of the one-stage 
tests to agree with the two-stage method, in certain conditions, is 
hot vet apparent. The suggestion of Quick and Grossman® that 
the two-stage method may be affected by variation in other plasma 
proteins receives no support in the present instance. Plasma pro- 
tein determinations in a number of our cases vielded values for both 
the total protein and the albumin-globulin ratios which were within 
normal limits, and which were not altered by treatment. Perhaps 
some compensatory mechanism, as has been suggested in other con- 


ditions,! 


b 


permits a more ready utilization of the prothrombin 
available in pernicious anemia. 

The basic reason for the prothrombin fall reflected yy the two- 
stage method is at present obscure. It is not obviously related to 
the anemia itself, for many long-standing cases of secondary anemia 
and of aplastic anemia show no depression whatever. ven in 
pernicious anemia the change is not Clearly related to the degree of 
anemia. 

The beneficial effects of liver therapy might seem to imply that 
the liver extract supplies some unknown factor needed for prothrom- 
bin production. However, it is, perhaps, even more likely that the 
rise in the prothrombin level is related to improvement in function 
of some organ—the liver for example. It is known that the liver ts 
concerned in the manufacture of prothrombin, and studies on the 
excretion of urobilinogen’ do, in fact, suggest mild hepatic insuffi- 
cleney in cases of pernicious anemia. The prothrombin response 
in pernicious anemia may be related to the response in red cell pro- 
duction, but any such relationship is not vet apparent. In any case, 
the beneficial effect of liver extract on the production of prothrom- 
bin appears to be confined to cases of pernicious anemia. We have 
administered liver extract to newborn infants, as well as to patients 
with Laennec’s cirrhosis and to patients with obstructive jaundice. 
The hypoprothrombinemia present in such cases did, not respond to 
the liver extract. Likewise, the mild hypoprothrombinemia seen in 
debilitated patients does not respond to this form of treatment. 

Summary. Patients with Addisonian pernicious anemia in re- 
lapse usually show considerable decrease in plasma prothrombin. 
In the majority of such cases, the prothrombin level is found to be 
hetween 40% and 65° of the normal. The hypoprothrombinemia 
is not rectified by large doses of vitamin Kk. When specific liver 
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therapy is instituted, the plasma prothrombin level promptly shows 
a marked rise. 
REFERENCES. 

1.) Owen, C. A., Hoffman, G. R., Ziffren, S. E., and Smith, H. P.: Proc. Soc. Exp 
Biol. and Med., 41, 181, 1939. (2.) Quick, A. J.: Am. J. Physiol., 114, 282, 1936 
3.) Quick, A. J., and Grossman, A. M.: Proc. Soc. Exp. Biol. and Med., 40, 647, 
1939 4.) Smith, H. P., Warner, E. D., and Brinkhous, K. M.: J. Exp. Med., 66, 
SOL, 1937 5.) Warner, E. D., Brinkhous, K. M., and Smith, H. P.: (a) Am. J 
Physiol., 114, 667, 1936; (b) Proce. Soe. Exp. Biol. and Med., 40, 197, 1939. (6. 
Warner, E. D., Spies, T. D., and Owen, C. A.: South. Med. J., 34, 161, 1941. - (7. 
Watson, C. J.: Arch. Int. Med., 59, 206, 1937. (8.) Ziffren, S. E., Owen, C. A., 
Hoffman, G. R., and Smith, H. P.: (a) Proc. Soc. Exp. Biol. and Med., 40, 595, 1939 

Am. J. Clin. Path. Tech. Suppl. IV, p. 13, 1940 


INFLUENCE OF ACTIVE AND INACTIVE ANTIANEMIC PRINCI- 
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Because of certain similarities between the erythrocytes of 
inammatian fetuses and those of patients with pernicious anemia® 
attempts have recently been made to influence the rate of matura- 
tion of fetal erythrocytes by the experimental administration of 
antianemic principles to animals during gestation.» Adequately con- 
trolled studies have shown demonstrable changes in the periph- 
eral blood and bone marrow of treated mothers, although this 
observation has not been confirmed by all observers. Schlicke,® in 
the largest series of experimental animals reported to date, has 
confirmed the original observation that normal gastric juice, when 
administered to pregnant albino rats, influences the rate of matura- 
tion of the fetal red blood cells. He also reviewed comprehensively 
the controversial observations of the various workers in-this field, 
his review including all but the two most recent reports,** in both 
of which the writers failed to secure results by this method. 

The inaccessibility of common mammalian fetuses to direct 
injection made it desirable to find a species in which antianemic 
principles could be injected directly into the developing animals 
rather than into the mothers. The marsupial opossum (Didel phys 
virginiana) is a suitable animal for this purpose, as we have pointed 
out in a preliminary study,’ because in this species, after an intra- 
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uterine life of approximately 12 days, the immature young live in 
the maternal pouch for 90 days. In this same study’ we also reported 
observations which indicated that pouch opossums had a macro- 
cytic anemia, as compared to adult animals, and that the direct 
injection of antianemic principles into the immature animals in the 
maternal pouch reduced the size of their erythrocytes. 

Materials and Methods. The studies reported in this paper were carried 
out on 6 adult male opossums, 4 adult non-pregnant female opossums 
and 117 immature opossums. The immature opossums were contained in 
the pouches of 18 adult female opossums. The adult animals were trapped 
in Louisiana and Mississippi during the winter months of 1939 and 1940. 

During the experimental period each adult animal was housed in a 
separate cage and fed a diet consisting of fresh Purina dog chow, bone 
meal, milk and water. 

The number of young animals found in a single pouch varied from 5 to 9 
Forty-nine were used in 1939. The ecrown-rump lengths of the animals in 
this year varied from 5.5. to 7 em. and averaged 6.39 em. at the beginning 
of the experiment. No significant variations were noted in the size of the 
litter mates. Sixty-eight animals were used in 1940. The crown-rump 
lengths in this year varied from 5.5 to 7 and averaged 6.62 em. at the 
beginning of the experiment. Slight variations were noted in the size of the 
litter mates. 

The animals in each pouch were divided into 2 groups, one of which con- 
sisted of treated animals and the other of untreated controls. Each animal 
was identified by an ear puncture. 


The immature opossums in the various maternal pouches were 
divided into 5 groups, as follows: 

Group I. Thirty-nine animals. ‘Twenty experimental and 10 
control animals were used in 1939, and the studies were repeated on 
5 experimental and 4 control animals in 1940. The treated animals 
were given daily intraperitoneal injections of concentrated normal 
human gastric juice, in doses varying from 0.1 to 0.2 cc., for periods 
varying from 3 to 13 days. The total amount administered varied 
from 0.8 to 2.2 cc. The gastric juice, which was secured from 
normal subjects after injection of histamine, was prepared from 
several samples, which were pooled, filtered, concentrated 10 times 
by evaporation, and neutralized with NaOH just before being used. 
This material presumably contained the intrinsic factor of Castle; 
no attempt was made to determine the presence or absence of the 
extrinsic factor. 

Group II. Twenty-six animals. Nine experimental and 10 con- 
trol animals were used in 1939, and the studies repeated on 4 experi- 
mental and 3 control animals in 1940. The treated animals were 
given daily intraperitoneal or subcutaneous injections of a concen- 
trated solution of liver extract (Lederle, 1 cc. containing 15 U.S.P. 
units),* in doses varying from 0.1 to 0.2 ce., for periods varying 
from 3 to 14 days. The total amount administered varied from 
0.3 to 2.6 ec. 


* Generously supplied by the Lederle Laboratories, Inc., New York. 
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Group Ill. ‘Twenty-six animals, 16 of which were treated and 
10 of which served as untreated litter mate controls. All the experi- 
ments were carried out during 1940. The treated animals were 
given daily intraperitoneal injections of inactivated concentrated 
normal human gastric juice, in doses varying from 0.1 to 0.2 ce., 
for periods varying from 5 to 11 days. The total amount adminis- 
tered varied from 1 to 2.2 cc. The gastric juice was prepared by 
the method already described; inactivation was accomplished by 
heating it to 100° C. for 15 minutes. 

Group IV. Eighteen animals, 11 of which were treated and 7 of 
which served as untreated litter mate controls. All the experiments 
were carried out during 1940. The treated animals were given daily 
subcutaneous injections of an inactivated concentrated solution of 
liver extract (Lederle, 1 ce. containing 15 U.S.P. units), in doses 
varying from 0.1 to 0.2 ce., for periods varying from 2 to 10 days. 
The total amount administered varied from 0.4 to 1.5 cc. The liver 
extract was inactivated by heating it in the autoclave to 121.5° C. 
under 15 pounds of pressure for 30 minutes. 

Group V. Eight animals, 5 of which were treated and 3 of which 
served as untreated litter mate controls. All the experiments were 
carried out during 1940. The treated animals were given 6 daily 
intraperitoneal injections of 0.2 ec. of concentrated gastric juice 
obtained from a patient with Addisonian pernicious anemia. The 
gastric juice was prepared by the method already described; neu- 
tralization with NaOH was unnecessary. 

Blood was obtained from every immature animal in both treated 
and control groups at the beginning and the end of each experiment 
by cutting the tail vein, heparin being used as an anticoagulant. 
Only a few drops of blood were collected from each animal. The 
blood samples from the 6 adult male and 4 adult non-pregnant 
female opossums were secured by cardiac puncture. 

The following determinations, the data from which were all 
analyzed statistically ,! were carried out on each sample of blood: 

|. ‘Total number of red blood cells per c.mm., by the use of 
standardized pipettes. 

2. Percentage of packed red blood cells in the whole blood, by 
the use of the Van Allen type of hematocrit and centrifugalization 
at 2400 revolutions per minute for 15 minutes. 

4. Mean corpuscular volume, computed according to the method 
of Wintrobe. 

1. Mean maximal diameter of the red blood cells. This value 
was obtained by measuring, at a magnification of 1000 times, from 
100 to 200 red blood cells, which were stained with Wright's stain 
and focussed on a ground glass plate. Measurement of the mean 
maximal diameter of the red blood cells was obtained in all cases, 
but technical difficulties made some of the other determinations 
impossible, as indicated by Tables 1 to 5. 
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PaBLE 5 EFFECT OF CONCENTRATED HuMAN Gastric Juice From 
With Appisontan PERNICIOUS ANEMIA ON ERYTHROCYTES OF 
Povcn Opossums (Grove \ 


Before treatment After treatment 
Experi Exper 
Values mental Control menta Control 
Number of animals ) ; 5 ; 
RBC* in mill./c.mm. 2.47 2.45 2.12 2.31 
Volume of packed RBC 35.10 33.67 28 S80 28 33 
J} 
Vean corpuscular volume of RBC* in 
I 
cubic microns 143.6 137 6 136.2 122.3 
Vean maximal diameter of RBC* in 
microns 70 73 S 46 
Average values. RBC = erythrocytes 


Results. At the beginning of the experiments the average total 
number of erythrocytes in the 117 immature pouch opossums was 
2,265,000 per c.mm., as compared with 4,420,000 per c.mm. in the 
10 adult animals. The average mean maximal diameter of the 
erythrocytes was 8.72 microns in the immature animals, as com- 
pared with 7.30 microns in the adult animals. The average mean 
corpuscular volume was 150 cubic microns in the immature animals, 
as compared with 87.99 cubic microns in the adult animals. Before 
treatment the bloods of the experimental animals and of their litter 
mate controls showed no significant differences in any of the values 
determined (Tables | to 5). 


PaBLe 6 DISTRIBUTION OF ERYTHROCYTES ACCORDING TO DIAMETERS BEFoRt 
AFTER TREATMEN' 
Before treatment 


« 


After treatment, 
diameters 


cell diameters 
Number of 
inimals <8.5 8.5-9.5 > 8.5 8.5—-9.5 
(Concentrated Normal Human Gastric Juice. 

Experimental 20 22.00 63.45 14 50 42.10 24.92 2.9% 
Control 10 19 30 59 65 21.05 25 00 62 60 12.40 
Concentrated Liver Extract. 

Iixperimenta 23 61 61.70 14.68 62 61 37 5.00 
Control 10 23.70 63.70 12 60 21.45 62.00 16.55 


Inactivated Concentrated Normal Human Gastric Juice 
Experimental 16 50.25 5 20 4.55 55.71 411 OO 3.29 


Control 11 14.33 49 66 6.00 60. 66 37.08 9 95 
Inactivated Concentrated Liver Extract. 
Experimental 11 19.33 17 66 3.00 60.06 37 80 2.13 
Control 7 17.71 19 28 ; OO 59.40 38 50 2 00 


Concentrated Human Gastric Juice From Subject With Pernicious Anemia 
experimental 5 25.83 65.50 S 66 33. 62 54.37 12 


Control 25.33 67.66 7.00 39.40 17 S80 12 80 


The results of treatment in the various groups can be summarized 
as follows: 

Group I. Effect of normal concentrated human gastrie juice 
(Table 1): After treatment, in the experimental as compared to the 
control group, the mean number of red blood cells was significantly 
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increased and their mean packed volume, average mean corpuscular 
volume and average mean maximal diameter were significantly 
decreased. The decrease in the last three values was due to a relative 
increase in the number of smaller erythrocytes (Table 6), the 
change being graphically shown by a shift to the left of the Price- 
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distribution, according to size, of the erythrocytes of pouch opossums. 


Jones curve (Chart 1). The smaller erythrocytes showed a dis- 
tribution of hemoglobin similar to that seen in mature red blood 
cells, thus differing from the uniformly hyperchromatic macrocytes 
of the fetal blood (lig. 1). 


& 


Fig. 1 A, Erythrocytes of an untreated pouch opossum of 7.5 ecm. crown-rump 
length. Hemoglobin tends to be evenly distributed throughout the cell. (Wright's 
stain, X 495 B, Erythrocytes of a litter mate pouch opossum treated with normal 


oncentrated human gastric juice for 4 days (0.8 ec.). The hemoglobin tends to be 
listributed toward the periphery of the cell. (Wright's stain, * 495.) 
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Group Il. Effect of concentrated solution of liver extract 
Table 2): After treatment, in the experimental as compared to the 
control groups, the mean number of red blood cells was significantls 
increased and their average mean corpuscular volume and average 
mean maximal diameter were significantly decreased. ‘There was 
no significant change in the mean volume of the packed red blood 
cells. The decrease in the average mean values for the corpuscular 
volume and maximal diameter of the cells was due (Table 6) to a 
relative increase in the number of smaller ervthroey tes, the change 
being graphically shown by a shift to the left of the Price-Jones 
curve (Chart 2). The smaller erythrocytes, as in Group I, showed a 
distribution of hemoglobin similar to that seen in mature red blood 
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Group III. Etfect of inactivated concentrated normal human 
gastric juice (Table 3): After treatment, in the experimental as 
compared to the control group, there was no significant change in 
any of the values determined. The cell distribution according to 
diameters (Table 6) was essentially the same at the end of the 
experiment in both groups, and the hemoglobin was uniform) 
distributed throughout the cytoplasm of the erythrocytes of both 
control and treated animals. 

Group IV. Effect of inactivated concentrated solution of liver 
extract (Table 4): After treatment, in the experimental as com- 
pared to the control group, there was a suggestive but not significant 
reduction in the mean number of red blood cells and a significant 
reduction in the mean volume of these packed cells. The other 
values were not significantly changed. The cell distribution 
according to diameters, as in Group III, was essentially the same 
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at the end of the experiment in both treated and control groups 
‘Table 6), and the hemoglobin was uniformly distributed throughout 
the cytoplasm in all the animals. 


Group VV. Effect of administration of concentrated human 
gastric juice from a patient with Addisonian pernicious anemia 
Table 5): After treatment there were no significant differences 


between the erythrocytes of the control and experimental groups, 
and the cell distribution according to diameters was essentially the 
same in both groups. Because of the small number of animals used 
the results of the statistical analyses of these data are not included 
in ‘Table 

In the experiments reported in Groups III, IV, and V, all of 
which were performed in 1940, the immature opossums found in the 
pouches were somewhat larger than those found in 1939. As a result, 
the number of red blood cells per ¢.mm. was somewhat greater and 
the average mean corpuscular volume and average mean maximal 
diameter were somewhat less at the beginning of the experiments 
than these respective values for the animals studied in 1989 (Tables 1 
to). 

Inactivated gastric juice was slightly toxic for the experimental 
animals, as indicated by their general appearance compared to that 
of their untreated litter mate controls, and by the death of several 
of the animals. The same observation was made concerning the 
inactivated concentrated liver extract used in Group IV and the 
gastric juice from the patient with Addisonian pernicious anemia 
used in Group V, although in the latter experiment none of the 
animals died. 

Comment. Our comparative studies of untreated adult opossums 
and untreated immature pouch opossums showed differences between 
the erythrocytes of the two groups. The young animals, as com- 
pared with the adult animals, showed an anemia and also showed a 
relative macrocytosis, as indicated by the larger mean corpuscular 
volume and the greater mean maximal diameter of the red blood 
cells. Morphologically, the hemoglobin of the majority of the 
erythrocytes of the immature animals was distributed evenly 
throughout the cells, whereas in the adults it was usually more 
concentrated at the periphery of the cells and the central zones were 
relatively clear. As the voung animals matured, the anemia im- 
proved and the number of macrocytes decreased until eventually 
the red blood cells resembled those of the adult animals in both 
- numbers and appearance. 

Studies of the action of normal human gastric juice and of con- 
centrated liver extract solution showed that after the administration 
of these substances the average number of red blood cells was rela- 
tively increased and their average size was relatively decreased. As 
has been pointed out, the diminution in the average size of the 
erythrocytes was caused by an increase in the number of smaller 
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cells, which morphologically resembled the erythrocytes found in the 
adult animals. As these smaller cells increased in numbers, the 
blood pictures of the treated animals approached those of the adult 
animals, although in no instance did they become identical with 
them. 

Normal human gastric juice and concentrated liver extract solu- 
tion altered to approximately the same degree all the values deter- 
mined except the mean packed volume of red blood cells. This value 
was significantly reduced by the administration of gastric juice, but 
was not significantly altered by the liver extract solution. Such 
findings suggest that the gastric juice reduced the size of the ery- 
throcytes proportionately more than it increased the number, 
whereas the concentrated liver extract affected both values pro- 
portionately (Tables | and 2). 

According to these experiments, when the thermolabile factor in 
human gastric juice was destroyed by heating, the maturation of 
the red blood cells in the mammalian fetus was not accelerated 
(Table 3). A similar observation was made when the antianemic 
principles in concentrated liver extract were destroyed by heating 
(Table 4). Injections of the inactivated extract, furthermore, not 
only failed to accelerate normal maturation of the cells, but may 
actually have influenced it adversely. During the course of the 
experiment (Table 4) the mean number of erythrocytes in the 
control group somewhat increased, but the mean number in the 
experimental group remained at essentially the same level, which 
suggests that the inactivated liver extract solution may have in- 
hibited the normal increase in number. On the other hand, although 
the inactivated liver extract solution apparently suppressed the 
number of red blood cells, it had no effect upon the average mean 
maximal diameter of these cells in the experimental as compared 
to the control groups (Table 4). At the end of the experiment 
there was therefore a significant reduction in the packed volume of 
the red blood cells in the treated as compared to the untreated 
animals. This apparent inhibition of normal maturation suggests 
that toxic elements were formed in the liver extract ‘solution as a 
result of heating. 

It is important to note again that the animals used for testing 
inactivated human gastric juice and inactivated concentrated liver 
extract solution showed greater variations in size than those used 
for testing the active principles, and were somewhat larger. As a 
result, the number of erythrocytes was somewhat greater and the 
size of these ceils somewhat smaller at the beginning of the experi- 
ments with inactivated principles than at the beginning of the experi- 
ments with active antianemic principles. It is possible that the 
variations in size of the animals may account for some of the 
irregularities in the numerical data in the experiments with inacti- 
vated materials. We are inclined to believe that the size (age) of 
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the animals has considerable bearing on the results, and that 
opossums with uniform crown-rump lengths of 5 to 6 cm., with ery- 
throcytes measuring as near 9 microns in diameter as possible, are 
optimum for such studies. It would be advantageous if future 
studies were carried out on the basis of these criteria. 

The number of animals which received gastric juice from a 
patient with Addisonian pernicious anemia was too small to permit 
definite conclusions as to the action of this substance, and the 
experiments should be repeated with a larger series. The data 
suggest, however, that gastric juice secured from this source not 
only failed to accelerate the development of the erythrocytes but 
also may have slightly retarded their maturation. 

These studies show that the red blood cells of the immature 
opossum are constantly larger than those of adults of the same 
species. As the pouch animals normally mature, the erythrocytes 
hecome smaller and eventually approximate in numbers, size and 
appearance those found in adult animals. Similarly, the erythro- 
cytes of patients with pernicious anemia are relatively larger during 
relapses of the disease, whereas remissions are always associated with 
a reduction in the size and a change in the appearance of these cells. 
These similarities suggest that in the developing opossums the 
principles required for the complete maturation of the red blood 
cells may be lacking, just as they have been shown to be lacking in 
patients with pernicious anemia. As the animals mature in the 
maternal pouch, the necessary principles presumably become 
available and the signs of deficiency, as reflected in the blood picture, 
therefore gradually disappear. This hypothesis is substantiated 
by the observation that the experimental administration of anti- 
anemic principles to immature opossums significantly alters the 
character of their red blood cells. 

Summary. 1. Studies on immature developing opossums, living 
in the maternal pouch, showed a macrocytic anemia in_ these 
animals as compared with adult animals of the same species. As 
the young animals matured, the character of their red blood cells 
gradually changed until it assumed that of adult animals. 

2. The direct injection of either concentrated normal human 
gastric juice or of a concentrated solution of liver extract significantly 
reduced the mean maximal diameter and the mean corpuscular 
volume of the erythrocytes, and significantly increased their 
number, in the treated pouch opossums as compared with their 
untreated litter mate controls. These changes were effected through 
a relative increase in the number of smaller erythrocytes. 

3. The direct injection of inactivated normal human gastric 
juice, of inactivated concentrated liver extract solution, and of 
gastric juice from a patient with Addisonian pernicious anemia 
failed to increase significantly the number of red blood cells or to 
reduce significantly the mean maximal diameter and the mean 
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corpuscular volume of these cells in the treated pouch opossums as 
compared to their untreated litter mate controls. 

ADDENDUM After this paper was submitted for publication, there appeared a 
review by O. P. Jones: Transmission of the Antianemic Principles Across the 
Placenta and Its Influence on Embryonic Erythropoiesis (Arch. Int. Med., 68, 476 
1941), in which he cites our preliminary report (Proc. Soc. Exp Biol. and Med., 42 
544, 1939) and remarks in a footnote that the diameters of only the largest red blood 
cells were measured in our studies rhis interpretation of our method of measuring 
cell diameters is incorrect and may have arisen from our use of the term meus 
maximal diameter.” In our work there was no selection of cells. On each blood 
smear, every cell was measured in turn until 100 or 200 cells had been encountered. 
Because the cell outlines did not always form perfect circles, howev« the grente 


maximal —diameter of each cell was selected for measurement 
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From the Syphilis Clinic of the New York Hospital and the Department of Medi 
Cornell University Medical College 

DURATION of life, after the onset of symptoms due to syphilis of 

the aortic valve, is generally stated to be relatively short.!4"! 
The picture described in the standard texts is one of the rapid devel- 
opments of symptoms and signs of cardiac insufficiency in a patient 
in the forties or fifties who had previously been perfectly active 
and well.!3:1-4.21 It is generally agreed among the various authori- 
ties that survival from this stage on is usually a matter of only 1 or 
2 years. It is recognized” that the use of specific antisyphilitic 
therapy in aortic syphilis will prolong life, even doubling the average 
expectancy, but the emphasis in practically all authoritative works 
* Aided by grants from the Milbank Memorial Fund and the Barbara Henry 
tesearch Fund. 
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is on the clinical course after the onset of failure with but passing 
reference to. the course before failure appears. 

Yet in the study of 1000 cardiacs, 10 vears after the original 
examination, Grant® has shown that the 10-vear mortality associ- 
ated with syphilis of the aortic valve is only 64°, actually less than 
the mortality rate over the same period of patients with mitral 
stenosis with auricular fibrillation (68° 7). 

This discrepancy between the poor prognosis usually accorded 
patients with syphilitic aortic regurgitation after the onset of svmp- 
toms, and the 10-vear statistics of Grant, is a reflection of the 
differences between two types of clinical material. Grant's patients 
were all ambulatory men who were either in, or being considered 
for military service. Relatively few of these men would have had 
examinations of their hearts at that time under normal conditions. 
The aortic syphilis seen by most internists is not selected from large 
groups of ambulatory patients with syphilis, but is seen in individ- 
uals who have sought medical care because of symptoms of cardiac 
insufficiency. This suggests that aortic insufficiency due to syphilis 
is actually present in a clinically recognizable form for a relatively 
lengthy period of time before the development of symptoms, but 
that because of this asymptomatic state the patients do not seek 
medical care and hence are not discovered. Obviously the only 
Way patients with this asymptomatic form of valvular syphilis can 
be discovered is by doing routine physical examinations on all known 
S\ philitics. 

During the 43-vear period from October, 1936, to April, 1941, 
2718S syphilitic patients were examined in the syphilis clinic of this 
hospital, and 100 (3.6°7) were found to have syphilitic aortic insuffi- 
ciency. Nine of these had aneurysms as well, leaving 91 (3.3%) 
patients with the valvular defect alone. The diagnosis in every 
case was confirmed by two or more observers. Our criterion was 
the repeatedly demonstrable presence of a diastolic murmur over 
the aortic area or down the left sternal border in a patient known to 
have been infected with syphilis and who had no evidence of mitral 
stenosis or congenital heart disease either clinically or by Roent- 
ven ray. 

The patients were all examined on numerous occasions. It is 
frequently observed that a murmur, difficult to detect or inaudible 
with the patient in the recumbent position, can be brought out by 
having the patient sit up, lean forward and expire forcibly. The 
precordium is then examined while the patient holds his breath in 
full expiration. 

During this period we were soon impressed by the fact that the 
presenting clinical picture and subsequent course of the disease in 
the majority of these patients differed sharply from that of the 
classical descriptions, particularly in respect to their ability to do 
work without svmptoms or signs of cardiac insufficiency. Accord- 
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ingly, a clinical study of all of our patients with syphilitic aortic 
insufficiency without aneurysm has been made to obtain information 
on this asymptomatic phase of the disease. 

Of the 91 patients with aortic valvular syphilis, 45 (490%), or 
nearly one-half of the group, had no symptoms of cardiac insuffi- 
ciency at the time of the original diagnosis. An additional 13 (14°7) 
admitted symptoms only after specific questioning but had not 
sought medical care because of these symptoms; and 33> (3667) 
patients had definite symptoms related to their aortic disease. On 
this basis of the clinical impression of the status of the individual 
patient at the time of diagnosis three groups were formed: Group I 
(asymptomatic), Group I] (symptoms on questioning only); and 
Group III (symptomatic). 

By asymptomatic is meant that all of these patients denied any 
exertional dyspnea, orthopnea, substernal pain on effort or at rest, 
palpitation or ankle edema. The majority were working and all of 
them were completely unaware of the fact that they had heart 
disease. The patients in the symptomatic group (Group II1) pre- 
sented the picture more generally regarded as typical of syphilitic 
aortic regurgitation. The presenting complaint in each case was 
directly referable to the cardiovascular system, and in many, angina 
of effort and symptoms suggesting failure were present. 


TABLE 1 PATIENTS FoLtLowep More Tuan 2 YEARS 


Dead. 
Died of Died of but have 
No. of heart other developed 
Group. patients disease cause symptoms 
I (Asymptomatic 20) 1 1 1 
II (Symptoms on questioning only Ss l 0 0 
III (Symptomatic 15 
Total 13 3 2 


Period of Observation. Twenty patients, or almost one-half of 
the asymptomatic group (Group 1), have been followed for more 
than 2 vears (Table 1). ‘Two of these »() have died, both 2} vears 
after the diagnosis, one of his heart disease and the other of a car- 
cinoma of the bladder. Two patients of the 25 who have been 
followed for less than 2 vears have died, one of a gastric carcinoma 
and the other of paresis (Table 2). Two patients of this entire 
Group I have developed symptoms under observation. One devel- 
oped slight exertional dyspnea 3 months after the diagnosis was 
made and angina of effort 4 months later. The other patient who 
has been followed for more than 7 years has developed slight dysp- 
nea on climbing to his fourth floor room within the past year. 
However, he has such marked loss of vision that he is forced to 
proceed much more slowly than normal so that it is highly probable 
that he would have more marked symptoms if he were able to be 
more active, 
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Kight of the 13 patients in Group IT (symptoms on questioning 
only) have been followed for more than 2 vears. One of this group 
died 34 vearsafter the diagnosis, presumably because of heart disease. 

Fifteen of the 33 patients in Group IIT (symptomatic) have been 
followed for more than 2 years. Eight of the entire group have 
died, 2 of carcinoma and the others as a result of their heart disease. 

Thus, of the entire group of 91 patients with aortic valvular 
svphilis, 43 (467), or almost one-half, have been followed for more 
than 2 vears. The follow-up by years is recorded in Table 3. 


2. -Patients Fottowep Less Tuan 2 Years 
Dead 
Living 
Died of Died of but have 
No. of heart other developed 
Cirouy patients disease symptoms 
I (Asymptomatic 25 0 » 1 
Il (Symptoms on questioning only 5 0 0 l 
IIT (Symptomatic IS 5 l 
Potal iS 5 3 


PaABLE 3 Pertop oF OBSERVATION oF 91 PaTIENTS Wrrn Sypuinitic Aortic 
INSUFFICIENCY. 


Number of patients 


Years of 

ervation.* Group I Group Il Group IIL. 
Less than 1 14 2 11 (5 deaths) 
i- 2 11 3 7 (1 death) 
2. 3 Ss 2 S (1 death) 
i 5 2 l 3 (1 death) 
6 0 
1 2 
7- 8 2 
9 0 
9-10 2 

45 13 33 (S deaths) 
(4 deaths) (1 death 
* Records were available of some of these patients who had been under observa- 


tion in this institution before this clinic was started. 


Any symptomatic classification of cardiac patients based solely 
on the history and physical examination has certain obvious sources 
of error. ‘The most prominent of these is the variation in the ability 
of the patient to describe symptoms accurately and in the inter- 
pretation of the patient's statements by the examiner. In order to 
obtain data which could be weighed objectively to evaluate the 
patients classified as asymptomatic, studies of the circulation were 
performed. By examining the records and questioning these 
patients, we have attempted to find out the type and amount of 
work they are actually doing at present and what brought them to 
seek medical care. 
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Lnalysis of Prese nting Complaints. Not one of the 45 patients in 
the asymptomatic group sought medical care because of symptoms 
relating to the cardiovascular system. Of the 15° patients in 
Group IL there was also none whose cardiac symptoms influenced 
him to seek medical care. As would be expected the patients in 
Group IIT sought medical care because of symptoms of cardiac 
insufficiency in practically all instances. However, even in this 
group there were 2 patients whose s\ philis, and consequently whose 
cardiac disease, was first detected by the obtaining of a blood 
Wassermann as a routine measure, | of these being the father of a 
patient with juvenile paresis discovered in a family investigation. 
In the cases of the other 31, cardiac symptoms brought them to the 
doctors and the clinical diagnosis of aortic syphilis was the cause 
of their being referred to the syphilis clinic. 

Combining the three groups of 91 patients with syphilitic aortic 
insufficiency, only 31 (84° 7) sought medical care because of symp- 
toms referable to the heart; 53 (587) consulted physicians or came 
to the hospital because of complaints entirely unrelated to th 
cardiovascular system; and 7 (8%) did not seek medical care at all 
but were discovered to have syphilis by the routine testing of donors, 
families of known syphilitics, and applicants for employment. The 
presenting complaint or disease causing the complaint for each 
member of Groups I and IT are listed in Table 4. 


TABLE 4 COMPLAINTS OR PATHOLOGIC CONDITION RESPONSIB FOR THE Com 
PLAINTS WHicH BrRouGHT PATIENTS IN Groups I anp II To SEEK Mepicarn Cart 
N 
I] 
Pre ‘ 
omy 
Headaches and nervousnes 
Arthritis l 
pains 
Peptic uleer 4 
Uterine bleeding 3 0 
Dizziness 0 
Voluntary donor ) 0 
Miscellaneous* 97° 7 
Che following were presenting symptoms in 1 ise each Group I) Uppe 


espiratory infection, trichiniasis, nausea, skin rash, failing vision, attacks of ur 

sciousness, bronchiectasis, Malta fever, fractured vertebra, infected finger, hernia 
epair, renal colic, urethral discharge, carcinoma of bladder, epididymitis, prostati 
hypertrophy, pyelitis, renal tuberculosis, vaginal discharge, menopausal syndrome 
uterine fibroid, tinnitus and deafness, cataract preémployment examination, family 
investigation, routine serology by private physician and by Life Extension Instituté 
Group II) Failing vision, unconsciousness, lobar pneumonia, cholelithiasis, gastritis 


fy 


wtured tibia, routine serology in jail 

Of the entire group of 91 with syphilitic aortic regurgitation, 
ty patients were available for clinical investigation. ‘Twenty-three 
patients were from Group I, 7 from Group II, and 17 from Group III. 
It must be emphasized that the classification of the individual 
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patients into the various groups Was done solely on the basis of the 
examiner's judgment at the time of the initial examination in the 
clinic. Some changes in the status of individual patients have oc- 
curred since their original classification, but these have been few, 
so that in general the circulatory studies serve as an objective check 
on the classification. 

Data on the amount of work that the patients are actually doing 
are included only for this group of 47 who were the subjects of the 
clinical studies as it was felt that, in this particular, only the most 
recent information would be of any value. 

Sixteen of the 23 (Group I) patients have jobs at present. An 
additional 4 are housewives who do all their own housework, and 
the remaining 3 ate men who are unable to secure employment. 
None of these patients has modified his activity in any way, either 
at work or at home, because of his cardiac disease. 

‘Two of the 7 patients studied in Group I] are gainfully emploved, 
| is able to work but cannot find a job. An additional 2 are house- 
wives who do all their own work. One is unable to work because of 
central nervous system syphilis, and 1 because of a chronic osteo- 
mvelitis. 

In Group IL there are 3 patients who are employed, an additional 2 
who do all their own housework, 4 who help with housework but 
whose activity is modified because of the heart disease, and S who 
are unable to do any work at all because of cardiac symptoms. 
The type and hours of work are recorded in Table 5. 

Measurements of the Circulation. Measurements of the vital 
capacity, arm-to-tongue circulation time and venous pressure were 
obtained on the 47 patients in the three groups. 

Decholin was used for the arm-to-tongue circulation time. Five 
cubic centimeters of a 20% solution were injected rapidly through 
an IS-gauge needle into an antecubital vein while the individual was 
lving quietly in the supine position. The time was recorded from 
the beginning of the injection until the first perception of the bitter 
taste by the patient. All tests were repeated within 2 minutes as 
a check. The value recorded is an average of the two readings. 
In a few instances when an antecubital vein was not available, more 
distal arm veins were entered with a smaller needle (20-gauge). In 
every one of these cases, however, the circulation time was well 
within normal limits. Tarr and his associates'® found that the 
normal value for the circulation time by this method ranged between 
and seconds. Stewart and Watson" found that the individual 
estimations in a group of normal subjects tested by this method 
ranged from 10.4 to 17 seconds. The venous pressure was measured 
by the direct method, using an antecubital vein placed on a level 
with the right auricle. An L-shaped glass tube attached to a 3-way 
stopcock, syringe and an 18-gauge needle were used. The appa- 
ratus was filled with sterile normal saline solution before the veni- 
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puncture and the direct pressure readings recorded. Normal values 
for this method are up to 120 mm. saline. Measurements on a 
2-meter Roentgen ray film of the greatest transverse cardiac diam- 
eter, the internal thoracic diameter just above the diaphragm, and 
calculations of the cardiothoracic ratio were made. The vital 
capacity was measured in the usual fashion with the subject in a 
sitting position, recorded in cubic centimeters and calculated in per 
cent of normal. Normal values were taken from those of West,”° 
namely 2.5 liters per square meter of surface area for men and 
2 liters per square meter for women. 


5. Tyee anp Approximate Hours oF Work PERFORMED BY THE 
15 PATIENTS Srupiep 
Hours 
Type of work per da 
Group (Asymptomatic 
J. Me Distributor for bottled gas company " 
B.F Head matron, department store s 
Apartment house superintendent 
M.F Cook 
M.G Waiter s 
Janitor for 44-family building 15 
C.K Machine shop s 
J.M Chauffeur 10-16 
A. R Furriet 10 
M.\ Cabinet maker 12-16 
M.D Taxi driver 10 
B.A Cigar maker (2 days a week; also does own housework 10 
Ss. M Seamstress (also helps with housework 6 
M. Z Salesman 5-6 
B. J Nursemaid (2 children Full time 
a.@ Nursemaid (4 children Full time 
B. F Housewife— housework for 6 people Full time 
B.G Housewife— housework for 2 people 
C.M Housewife— housework for 2 people 
Housewife— housework for 2 people 
J. E. Unemployed —able to work 
i: Unemployed— able to work 
Domestic servant Pull time 
(rroup Tl] (Symptoms on (Jue stioning Only 
L. L. Waiter 6 
H. J. Decorator 7 
G. F Housewife — housework for 2 
F. W. Housewife housework for 2 
F. K Unemployed able to work 
I. B Unemployed—unable to work because of CNS syphilis 
J. Me Unemploved—unable to work because of osteomyelitis 
Group IIT I—( Symptomatic) .* 
fn, Bricklayer (3 days a week 8 
S. W. Salesman (4 days a week 8 
M. B Bar tender (1 day a week 9 
M. M. Housework for 2 people 
R. K. Housework for 3 people 


* Of the remaining 12 Group III patients, 4 are able to assist with housework but 
cannot work all day, and 8 are unable to work at all 

Data. The data for the patients of all three groups are recorded 
in Table 6. The correlation between the clinical impression of the 
state of the circulation and the data obtained from these tests was 
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quite close. Closest correlation was found, as would be expected, in 
the circulation times and cardiothoracic ratios. The vital capacity 
readings can be said to show only a general relationship to the pres- 
ence or absence of symptoms. This is in accord with the observa- 
tions of Harrison. 

TABLE 6 


Vital capacity 


Coins Venous of Cardio Heart \ortic 
tine pressure nor thoracic width dilata Blood 
N on mm. saline or mal ratio em tion pressure 


Group I (| Asymptomatic). 


J 10.2 2340 78 42 13.2 0 150 85 
M. 1 10.6 70 2400 74 16 13 0 150 82 
J. | 10.7 60 2000 74 46 10 2 0 160, 80 

M 11.4 2700 90 16 12 0 140 80 
M. 11.9 SI 2300 6 50 13 130-90 
12.0 100 2300 SO 12.4 0 150/70 
12.1 50 2000 74 0 170 90 
1M 12.5 70 3800 0 180 90 
6 3400 72 138 96 
\.k 14 2000 Ob 53 124 0 155 SO 
3. A 14 2S00 SO 1b 5 190 54 
M. 14.5 3500 SO 12 11.5 0 130 60 
\.W 15 92 3150 16 145 + 16S 64 
M.Z 15.8 115 2500 60 0 190 80 
li. M 16.6 SO 2400 210 70 
1). | 16.9 44 1900 55 15 0 190 90 
M.\ 17.2 OS 2900 62 10 14 0 125 60 
K SS 3400 O4 52 14.5 0 140 70 
S.J IS] 51 3350 SO 42 11 + 170 90 
M.M IS 4 SS 1400 38 55 15 } 162 82 
M.G IS_5 70 2200 55 54 13.9 0 180.40 
C.K o0 3500 SO 42 15.5 + 158 SO 


Group IT (Symptoms on Questioning Only 


F. K 12 2 103 3600 S4 5S 16 2 0 170 70 
G. 1 2000 70 13 10 4 18S 86 
A.J 13.6 37 2500 75 49 12 0 135 60 
YW 144 7S 1600 15 5S 17 + 214.78 
L. I 15 6 50 2700 7s 47 13.3 0 208 SO 
1B 22.4 65 3100 76 50 16 0 170 65 
1. Me 29 8 135 42 67 17 .5 200 65 
Group (Sym plomatic) 
Ss. W 12 6 90 2200 4 19) 14 7 140 50 
Ww. 54 3800 83 3 0 150 55 
3 13.7 124 2000 61 53 14 0 190 94 
R.K 14.1 102 2700 12 10 5 0 180.90 
C.B 14.5 OS 2000 45 51 14 0 190 70 
1G 14.7 2800 63 55 16 0 160.60 
\. ( 14.9 S2 2300 Sl 55 13.2 + 180. 60 
16.3 99 1750 58 55 13.5 0 212.110 
M.B 16.6 O7 2600 53 53 17 + 145 60 
M. Me 17.9 130 2000 76 5S 14.8 + 158/32 
G. 19.7 S6 2700 72 55 15.4 + 150/40 
G.W 22.5 50 2000 70 60 13.3 0 170/45 
i. & 22.8 117 2500 56 165,50 
J. Me 23.8 2400 59 6S 19 220/90 
J.P 24.6 72 2500 (4 57 17 3 0 194 50 
N 28.2 52 2000 41 56 16.8 } 140/70 
29.8 53 3000 65 57 IS 2 170/15 


* By Roentgen ray. 
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‘There were only D patients of the 23 in the as\ mptomatic group 
who had circulation times higher than 17 seconds, and the extreme 
was 18.5 seconds. The venous pressure determinations were all 
within normal limits, ranging from 44 to 115 mm. of saline. In 
7 patients the cardiothoracic ratio, calculated from the measure- 
ments of the Roentgen ray, was more than 50 with an extreme of 69. 

In Group II, of 7 patients studied the circulation time was nor- 
mal in 5, markedly prolonged in 2.) One of these 2 patients has 
paresis and cannot be relied upon regarding symptoms. The other 
patient is a cripple because of a chronic osteomyelitis of the tibia 
and would probably have symptoms if he were capable of any very 
great activity. The venous pressure determinations were norma! 
in all except the latter patient mentioned above. The cardiothoracic 
ratio was increased in 3 of the 7. 

Of the 17 patients in Group III, there were 8 with prolongation 
of the circulation time, 2 with increased venous pressure and 15 
with a cardiothoracic ratio of greater than 50. It is noteworthy 
that of the patients in this group in the greatest degree of failure, 
none had increased venous pressure. ‘These patients were all re- 
ceiving digitalis. There were only 2 patients in this group (W. W. 
and S. W.) who showed normal values for all three examinations. 
Both of these would be classified as completely asymptomatic on 
the basis of their present status but are included in Group III 
because their original complaints were cardiac. One (S. W.), follow- 
ing therapeutic malaria in 1934, developed congestive failure which 
disappeared promptly and has not returned. He is working as a 
bricklayer at present. The other (W. W.) originally sought medical 
care because of attacks of substernal pain unrelated to exertion 
which completely disappeared following antisvphilitic therapy. ar 
is working as a salesman at present. 

Combining the data for all three groups: of 47 patients ther 
were 15 with abnormally prolonged circulation times, 3 with in- 
creased venous pressure, and 23 with a cardiothoracic ratio of more 
than 50. 

Roe ntge nologie Kvidence of Aortie Dilatation. Vhere is a great 
variety, of opinion as to the significance of the presence or absence 
of aortic widening as demonstrated by Roentgen ray in the diagnosis 
of aortic svphilis.£.*""'5 No universally accepted method of meas- 
uring the aorta is available.'® The subjective element in estimations 
by Huoroscopy is a great variable, and as has been recently empha- 
sized® the part of the aorta most frequently involved by syphilis, 
the root, is not visible for the first 1.5 to 2 cm. on plates taken by 
conventional techniques. Because these pitfalls exist in the use of 
the Roentgen ray or fluoroscope as an aid to establishing the pres- 
ence of syphilis in the aorta, it is of interest to see whet the roent- 
genologic findings are in this group in whom the presence of aortic 
syphilis is known. 
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stimations of aortic width of these patients were made on the 
basis of left oblique and P-A plates supplemented in the majority 
of instances by fluoroscopy. Eighty-seven of the 91 patients with 
aortic regurgitation were examined by these methods. The aortas 
were considered to be widened in 50 (5767) of these and in 37 (437) 
there was no evidence of aortic dilatation. 

Wassermann Reactions. Because there is such a wide range (65°, 
to 95°7,) in the reported incidence of positive Wassermann reactions 
in patients with syphilitic aortic we have in- 
cluded our data for the entire 91 patients. 

The blood Wassermann reaction was positive in 7S (89%) patients. 
ln S other patients (9°) the reaction was doubtful or negative but 
there was a history of a previous positive test and previous anti- 
syphilitic therapy. In 4 patients (4.397) the Wassermann reaction 
was doubtful (1+ to $+) with no history of previously positive 
tests (2 of these patients showed positive (4+) Kline and Kahn 
flocculation tests). One patient had a negative blood Wassermann 
but the spinal fluid Wassermann reaction was positive. Thus, in 
every one of the 91 patients there was definite serologic evidence of 
syphilis or a history of such evidence. 

These patients represent a group, a majority of whom would not 
have beeri known to have aortic syphilis had not the presence of 
the s\ philis been discovered first, either by routine testing or because 
of clinical evidence of neurosyphilis. ‘Therefore, there is a possible 
source of error in estimating the incidence of positive serologic reac- 
tions in such material. For comparison, data on this point were 
obtained in another group of patients, namely from the records of 
all patients admitted to the in-patient service of this hospital since 
September 1, 1932, in whom a clinical or postmortem diagnosis of 
aortic valvular syphilis had been made. All patients in the clinic 
series reviewed above are excluded from this group. These patients, 
therefore, were not examined simply because they were known to 
have syphilis. The serologic data were obtained from the routine 
serologies taken on all patients admitted to the in-patient service. 

Of a total of 44 cases, 32 had positive (4+) blood Wassermann 
reactions, 6 had doubtful (1+ to 3+) reactions but gave a history 
of having had a previous positive reaction with treatment, and 1 had 
an anticomplementary reaction but had a positive spinal fluid Was- 
sermann. In 2 patients, a doubtful reaction (1+ to 3+) in the 
absence of any history was obtained and in 3 others (6°) there was 
no serologic or collateral evidence of syphilis other than the presum- 
ably insignificant finding of doubtful (1+ to 3+) Kline flocculation 
tests. 

These three groups of patients combined (135) represent all the 
patients with syphilitic aortic insufficiency uncomplicated by aneu- 
rysm, seen in any department of this hospital during the 84-year 
period from September 1, 1932, to April 1, 1941. Thus, there were 
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only 5 patients (2°) of the entire 135 who showed neither serologic 
nor historical evidence of syphilis. 


Paste 7 INCIDENCE OF PosITIVE WASSERMANN REACTIONS IN) 135) PATIENTS 
Wits Syruiniric Aortic REGURGITATION 


No of 
patient Per cent 
Total 135 
Positive blood Wassermanns 110 S15 
Doubtful (1+—-3+4) blood Wassermanns but history of 
previous positive Wassermann and therapy 14 4 
Negative blood Wassermann but positive spinal fluid 
W assermann : 2 1.5 
Doubtful (1+-38+4) blood Wassermann with no history 
of previous positive or therapy i t 4 
Negative Wassermann, no history of previous positive 
Wassermann or of therapy 3 2.2 


Discussion. [xamination of this material shows that the usually 
accepted clinical concept of syphilitic aortic insufficiency represents 
only the end stage of the condition. There is a clinically recogniz- 
able stage which may be reckoned in terms of vears during which 
the patient has no symptoms referable to the heart and is able to 
carry on normal activity. That such a stage exists is, of course, 
well known. However, it has seemed to us that the fact has never 
been sufficiently emphasized that in a large group of syphilitics, 
asymptomatic aortic valvular disease is actually more common than 
the symptomatic form. Obviously patients in this phase of the 
disease would not be seen in any numbers in in-patient services or 
cardiac clinics as they are completely unaware of their need for 
medical care. The list of chief complaints of the 5S patients in 
Groups I and II shows a great variety of symptoms none of which 
would serve to direct attention to the heart. For many of these 
complaints the patients would be handled in special clinics in which 
an examination of the heart is not done routinely. It is only by 
the examination of all known syphilitics and the unearthing of pre- 
viously unknown symptomless syphilis by routine serologic testing 
that patients with aortic regurgitation in the asymptomatic phase 
will be discovered. With the recent greatly increased use of routine 
serologic testing as a case-finding method, many more syphilitics 
who did not realize the fact of their infection are being found so that 
the recognition of this tvpe of valvular syphilis is becoming more 
important. 

Prognostic data, based as they are on the course following the 
onset of symptoms of failure, are valueless in this tvpe of case. The 
information to be sought is how long these patients survive from 
the time the valvular disease is first detectable. 

As there is an increasing body of evidence that specific antisyph- 
ilitic therapy, including the judicious use of arsenicals, prolongs life 
in cardiovascular syphilis, the recognition of this asymptomatic 


SYPHILITIC AORTIC INSUFFICIENCY 215 
phase of aortic valvular syphilis is of therapeutic value. For, 
although the active syphilitic process of the aorta is predominantly 
in the media and the vasa vasorum of the adventitia, the ultimate 
anatomic change causing the altered physiologic response is in the 
intima and the valve leaflets. Ina recent publication on this subject, 
Wilens* has stated, “Thus the weight of evidence seems to indicate 
that the cusps are secondarily and passively altered in much the 
same fashion as is the intima elsewhere. Primary specific inflam- 
matory changes of syphilitic aortitis involving the intima directly 
are perhaps just as rare as similar changes in the leaflets of the 
aortic valve, the superior portions of which, at least, are but ap- 
pendages of the inner layer of the aorta.’’ As these all-important 
intimal and valvular changes are largely non-inflammatory, they 
are presumably unaffected by therapy. The réle of specific therapy 
here is to check the gummatous process in the underlying aorta 
before the passive alterations of the valve have become too far 
advanced. ‘There is, of course, no exact clinical method for measur- 
ing how far the underlying aortitis has progressed. However, it is 
reasonable to assume that these asymptomatic patients with the 
early diastolic murmurs have a less advanced stage of the inflamma- 
tory process in the aortic wall and hence can receive maximum bene- 
fit from specific therapy. 

With but few exceptions the living patients in all three groups 
are receiving continuous antisyphilitic therapy, including courses 
of neoarsphenamine administered cautiously. The period of fol- 
low-up is too short to attempt to evaluate the effects of the therapy 
at this time. We can say, however, that we have seen none of the 
reported harmful effects of therapy such as the therapeutic paradox 
or Herxheimer reactions around the coronary ostia.'! 

The circulatory studies in most instances conformed closely to 
the clinical evaluation of the status of the individual patients. The 
measurements served as collateral evidence of the good functional 
capacity of the circulation of the members of the asymptomatic 
group. As would be expected the earliest objective change after 
the development of the diastolic murmur was the alteration of the 
cardiothoracic ratio. The fact that the aortas of the 37 (43°) of a 
total of S7 patients with syphilitic aortic regurgitation were con- 
sidered to be normal in width by Roentgen ray and fluoroscopy 
emphasizes the inadequacy of the Roentgen ray as a means of 
excluding the presence of aortic syphilis. In making the decision 
hetween treating or not treating a middle-aged patient with appar- 
ently latent syphilis, too great reliance should not be placed on the 
normal appearance of the aorta by Roentgen ray. This fact alone 
serves as a justification for the policy of completely reéxamining all 
syphilitic patients at regular intervals. 

Analysis of the specificity of the Wassermann reaction shows that 
in only 3 patients (2.2%) of a total of 135 with syphilitic aortic 
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insufficiency was the blood Wassermann reaction negative in the 
absence of a history of previous treatment for syphilis. The dis- 
crepancs between these figures and those quoted in the literature 
is partially due to the marked increase in the sensitivity of the 
Wassermann reaction since its introduction 34 vears ago. Even 
now the sensitiv ity of the test varies between different laboratories 
depending upon the technique used.'") While no exact figures are 
available in the literature, an estimate has been made that the test 
commonly employed during the decade 1910-1920 gave positive 
results in 70% to S8O0°% of all patients with secondary syphilis,** 
whereas with modern techniques the Wassermann reaction is almost 
LOO sensitive in syphilis of this type.” Obviously, analyses of 
series of cases dating back to the twenties or earlier will give an 
erroneous impression as to the incidence of positive Wassermanns 
among cardiovascular S\ philities today 

Summary. l. Ina t}-vear period in the syphilis division of the 
medical clinics of the New York Hospital, the incidence of syphilitic 
aortic insufficiency without aneurysm was 3.4¢7 (01 of 2718). 

2. One-half of these patients (49.5°7) with aortic regurgitation 
denied any symptoms of cardiac insufficiency at the time of diag- 
nosis. 

S. Only 3L (34°) of the 91 patients sought medical care because 
of svmptoms referable to the heart, 53 (58°7) sought care for non- 
cardiac complaints, and 7 (S°;) were brought under medical care by 
the routine serologic testing of supposed] well people 

t. Of 28 of these asymptomatic patients followed for more than 
2 vears, 2 have died of heart disease and only 2 have developed 
svmptoms. 

a. Circulatory studies (vital capacity, Venous pressure, circula- 
tion time and roentgenoscopy ) of 47 of these patients showed a close 
correlation with the clinical impression of their cardiac status. 

6. The aortic width, as judged from Roentgen ra\ and fluoroscopy ‘ 
was normal in 37 of S7 (48° 7) of these patients with aortic insufh- 
ciency. 

7. Inonly 3 patients (2.2 ) of a total of 135 with syphilitic aortic 
insufficiency was the blood Wassermann reaction negative in the 
absence of a history of previous antisyphilitic treatment. 

Conclusions. Aortic insufficiency due to syphilis Is present in i 
clinically recognizable form for a relatively lengthy period of time 
(2 to 10 years) before the development of symptoms. 

This asymptomatic form of aortic valvular syphilis is encoun- 
tered in approximately one-half of the patients with valvular 
syphilis. 

Present-day prognostic data, based as they are on the course 
following the onset of symptoms of failure, are inapplicable to this 
large group of patients with cardiovascular syphilis. 

There are no available data on the ultimate length of this asvmp- 
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tomatic phase, but it appears from a study of our cases thus far 
that it can be measured in terms of years rather than months. 
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PAROXYSMAL auricular fibrillation and flutter are among the 
arrhythmias most commonly encountered in patients with coronary 
thrombosis. They have also been observed following ligation of a 
coronary artery inanimals.* The occurrence of an auricular arrhyth- 
mia during the course of myocardial infarction cannot be explained 
on an anatomical basis since the arteries involved and the infarct 
itself are always in the ventricular myocardium. 

A considerable volume of evidence indicates that experimentally 
produced auricular fibrillation in animals is due at least in part to 
vagal activity The activity of the vagus nerve recently has been 
implicated in the genesis of auricular fibrillation which occurs in 
patients with thyrotoxicosis'® and rheumatic heart disease.! It was 
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therefore of interest to study patients in whom auricular fibrillation 
occurred following myocardial infarction in order to determine the 
frequency of other changes in cardiac conduction which might be 
interpreted as due to increased vagal activity. 


Vaterial. The records of all patients were examined in whom paroxysmal 
auricular fibrillation or flutter first appeared soon after myocardial infare- 
tion. Only those with eleetrocardiographic evidence of auricular fibrillation 
or flutter within 12 days after a definitely diagnosed attack of cardiac 
infaretion were included in this study. A few were eliminated because no 
records were made during the periods of normal rhythm, so that no com- 
parative studies could be made. There remained 14 cases suitable for 
analysis 


Results. All patients exhibited changes in TT waves and ST seg- 
ments considered characteristic of infarction of the ventricle. 
In addition 9 of the 14 patients showed prolongation of the P-R 
interval on one or more occasions within a few days prior to or follow- 
ing the onset of auricular’ fibrillation. In one instance the P-R 
interval had been prolonged for several vears previously. In all 
9 instances the P-R interval varied considerably from day to day; 
in 8 of the 9 cases it decreased to within normal limits at one time or 
another. The occurrence of prolongation of the P-R interval and 
the onset and offset of auricular fibrillation were not related to 
medication or changes in physical signs such as cyanosis, collapse, 
or congestive failure. 

Discussion. Less than 10% of 375 patients with acute coronary 
occlusion studied by Master et al.° exhibited a P-R interval greater 
than .20 second. The fact that 9 of 14 cases or 64° % of our patients 
with paroxysmal auricular fibrillation or flutter after coronary 
occlusion showed prolongation of the P-R interval, usually transi- 
tory, must therefore be considered significant. In the 5 patients 
who did not show prolonged P R interval an average of less than 
four tracings were made during periods of normal rhythm as com- 
pared with an average of more than 8 in the other cases; the ab- 
normally prolonged P-R interval may perhaps be found more 
frequently if electrocardiograms are taken more often. Master et al.$ 
observed paroxysmal auricular fibrillation in 2 patients with pro- 
longed P-R intervals after coronary occlusion. 

In 1937 Bruenn® and Keith® showed that the prolonged P-R 
interval seen in acute rheumatic fever is due to increased vagal 
activity. It has been pointed out in another place’ that such 
evidence of increased vagal activity is frequently found in patients 
with rheumatic heart disease in whom auricular fibrillation develops. 
Of interest likewise is the fact that repeated injections of acetyl-f- 
methyl choline in normal unanesthetized dogs gives rise either to 
auricular fibrillation or to partial heart block, the arrhythmia which 
will develop being entirely unpredictable.* The sequence of events 
as revealed by electrocardiographic study in patients with auricular 
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fibrillation following coronary occlusion resembles that seen in dogs 
receiving repeated injections of acetyl-8-methy! choline. 

The cause of the prolonged P-R interval seen in coronary artery 
disease has not yet been completely elucidated, although available 
evidence strongly suggests its functional origin. Master and his 
co-workers® found no anatomical lesion to explain it; this is readily 
understandable since infarction of that portion of the myocardium 
containing the A-V node is infrequently found at postmortem 
examination. Moreover, these authors® found that atropine short- 
ened the P-R interval in 2 of 3 patients with prolongation of the 
PR interval associated with cardiac infarction. Additional work in 
this regard is however necessary before the vagal origin of pro- 
longed P-R intervals after myocardial infarction can be accepted 
as proved. Master etal.* suggested that anoxemia might be a factor 
in causing a prolonged P-R interval after cardiac infarction. 
These authors, however, noted its frequent occurrence after the 
disappearance of evidences of anoxemia. In the present study 
anoxemia or shock could not be implicated as the factor responsible 
for the increase in P-R interval. Although prolongation of the P-R 
interval has been induced by anoxemia in animals’ *"! and in man‘ 
the degree of anoxemia necessary to produce this change is far 
greater than that observed in cases of heart disease. 

The available data, though scanty, suggest that the prolonged 
PR interval associated with cardiac infarction is probably the 
result of increased vagal activity. The occurrence of auricular 
fibrillation and flutter following infarction of the ventricle therefore 
becomes understandable since the réle of vagal acticity in produc- 
tion of auricular fibrillation and flutter in animals’ and in man in 
thyrotoxicosis,'® and rheumatic fever! has been pointed out. The 
origin of vagal impulses which may act on the heart and so give rise 
to auricular fibrillation following myocardial infarction will be the 
subject of another study. 

Summary. 1. The frequent occurrence of auricular fibrillation 
and flutter following cardiac infarction cannot be explained as 
directly due to anatomical findings, since the latter lesions are 
almost always ventricular. 

2. Sixty-four per cent of patients with paroxysmal auricular 
fibrillation and flutter due to cardiac infarction also have a variable 
but abnormally prolonged P-R interval within a few days of the 
onset of fibrillation. 

4. Available evidence, though scanty, suggests that the pro- 
longed P-R interval of cardiac infarction is probably due to increased 
vagal activity. 

$. Since increased vagal activity appears to be one factor responsi- 
ble for the occurrence of auricular fibrillation in general, the occur- 
rence of this arrhythmia following ventricular infarction becomes 
understandable. 
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IU RING recent vears there has been a steadily increasing demand 
for electrocardiography in the clinical study of patients in the New 
Haven Hospital and Dispensary. That the growing employment 
of this laboratory aid is only partly attributable to the increasing 
number of patients is shown by Table 1, which reveals that the ratio 
of electrocardiograms to the number of patients studied annually 
has been rising. Since approximately 75% of all electrocardiograms 
obtained have been on patients in the medical division of both 
hospital and dispensary, the figures for these may be more relevant 
and are included also in Table 1. It is evident that during the last 
12 vears the number of tracings taken on every 100 patients has 
more than doubled. In the same interval, mortality from heart 
disease in New Haven has risen slightly less than 200%. It is clear, 
therefore, that there has actually been a growing general use of 
electrocardiography in the elucidation of clinical problems. 


ae | ANNUAL Ratio or ELECTROCARDIOGRAMS PER 100 PATIENTS. 
1920. 1930 1931 1932 1933 1034 1935 1936. 1937 1938, 1939. 1940, 
40 375 548 465 585 627 873 882. 1,017 1,369 1,693 
6,551 6,601 7,454 7,343 7,554 8,156 9,177 9,304 9,628 10,125 12,236 
patient S720) 9.780 10,950 13.900 19 068 18.627 16.612 15.440 14.285 15.807 16,136 16.495 
15,271 16,381 18,404 21,243 26,622 26,783 25,483 24,617 23,589 25,435 26,261 28,731 
per 100 patient OS OS 58 1.76 18 47 75 00 | 

patient 1170 1,289 1,443 1,391 1,36 1,483 1499 1,646 1,804 1,912 2,237 2,651 
al clisye ry patient S50 1,050) 1,390) 1,680) 1869 2,311 1,781) 1558 1,550 1,540 1,594 1,606 
Mi PATIENTS 2,020 2,339 2,833 3,071 3,230 3,794 3,280 204 3,354 3,452 3,831 4,347 

r 100 patient 15.5 j 13.3 17.8 14.4 16.4 19.1 73 9.56 35.7 38.9 


In the face of such a steadily increasing demand for a laboratory 
service In relation to the number of patients studied, it is pertinent 
to inquire whether the augmented laboratory output is being accom- 
plished at a relative loss in clinical value for each 100 electrocardio- 
grams made, to determine whether any data of importance are con- 
tributed by the added effort, and to consider whether such additional 
information justifies the increased cost and the heavier tax on the 
laboratory facilities and personnel. 


\ided by a grant from the Dazian Foundation for Medical Research. 
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These considerations engaged our attention, and answers to the 
questions raised were sought by acquiring information under the 
following three headings: 

|. The relation between increasing employment of electrocardiog- 
raphy and the proportion of normal and abnormal records obtained. 

2. Estimation of the clinical value of a representative group of 
electrocardiograms during a vear of small demand as compared with 
a vear of large demand. 

3. Investigation of the results of routine electrocardiograms taken 
ona large group of patients who would not otherwise have had the 
benefit of electrocardiographic study. 

SecTion |. Relation Between Increasing of Llectrocardiog- 
raphy and Proportion of Normal and Abnormal Records Obtained. 
All the electrocardiograms obtained during a 12-vear period, total- 
ling 9093 records, were divided into three groups as follows: 

|. Normal group — including sinus arrhythmia, infrequent ectopic 
beats, and moderate bradycardia and tachycardia (heart rates 
between 50 and 120). 

2. Abnormal group—all others, excluding those which showed 
only left axis deviation. 

3. Group having left axis deviation, of all degrees, as the onl) 
abnormality. 

Table 2 and Chart 1 show the total annual output of electrocardio- 
grams from this laboratory for the last 12 vears and the number of 
records that were normal, abnormal, and characterized by left axis 
deviation only. It is apparent that as electrocardiograms were 
obtained more and more generally, the proportion of abnormal trac- 
ing not only rose steadily but practically paralleled the increase in 
the total number of records for each vear, while the figures represent- 
ing normal records showed a much more gradual ascent. 


raBLeE 2 RELATION BETWEEN INCREASING DEMAND FOR ELECTROCARDIOGRAMS 
AND PERCENTAGE OF NORMAL AND ABNORMAL RECORDS OBTAINED. 


ECG's Normal Abnormal L.A.D. only 

Year taken %) % % 

1929 319 32.0 588 9 9 
1930 340 24.7 65.6 Q.7 
1931 375 33.8 5S 13.6 
1932 54S 33.4 58.0 S 6 
1933 165 30.4 53.4 16.2 
1934 2906 10 6 
1935 627 34.9 50 4 14.7 
873 25.2 62.8 12 0 
1937* SSL 21.0 7.0 
19384 1017 21.5 99 
1939t 1369 24.2 65 2 10.6 
1940t 1693 20.3 69.5 10.2 


Precordial leads taken on about one-third of the patients in this year 


Precordial leads taken on about two-thirds of patients in this year. 
Precordial leads taken routinely on all patients in this year. 
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Expressed numerically, 58.9% of the electrocardiograms were 
abnormal in the first 5 vears of the 12-vear period, while 66.6% 
were abnormal in the last 5 vears. This considerable and unex- 
pected divergence of the curves for the normal and abnormal groups 
in Chart | implies that the rapidly increasing utilization of electro- 
cardiography has not been wasted upon patients without heart 
disease, and it suggests that perhaps an even greater use of electro- 
cardiography might serve as an important case-finding method. 


i7 
i6 
15 
LEGEND 
TOTAL ECG’s 
13 ABNORMAL ECGS 
@----@NORMAL ECG’s 
12 ©-—-—OFCG’s WITH LAD. ONLY 
4 
4 


YEAR |'29 ‘30 ‘3} ‘32 38 ‘40 


1. —Output of electrocardiograms since 1929 


Whether the augmented laboratory service actually contributed 
anything of real significance to the clinical study of patients seemed 
to be the next logical inquiry, for the proportion of normal to abnor- 
inal records is not strictly indicative of the clinical usefulness of the 
tracings. 

Seevion IL. Estimation of the Clinical Value of Representative 
Groups of Electrocardiograms During a Year of Small Demand as 
Compared With a Year of Large Demand. One hundred electro- 
cardiograms were drawn from the laboratory files of 1934, a vear of 
relatively low demand, and another hundred were taken from the 
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files of 1939, a vear in which the demand was about twice as great 
as In 1934. The records selected were evenly distributed through- 
out each year, the quotient of the year’s output divided by 100 
being the interval between the serial numbers drawn: in this way 
we tried to avoid error arising from professional idiosyncrasies 
which might have prevailed in the ordering of the electrocardio- 
grams at any period. Excluded from this study were tracings of 
patients who were already represented in this particular Investiga- 
tion by an electrocardiogram previously drawn. 

Each electrocardiogram was‘then appraised as to its clinical value 
from a study of the case history. Each tracing was then classified 
as follows: 

Class I: Records of decisive and exceptional significance in that 
they contributed distinctly new information to the clinical knowl- 
edge of a case. 

( ‘lass Il: Records WwW ith positive significance, either in confirming 
a clinical impression or definitely establishing a diagnosis which had 
been uncertain. 

Class III: Records without positive significance whether normal 
or abnormal, and considered lacking in clinical helpfulness. 

The classes were subdivided into two groups: Group A were 
normal electrocardiograms, and Group B were abnormal records. 
We sought also to determine whether in the vear of greater call for 
electrocardiography there was evidence of less discriminating use of 
this laboratory aid. This was attempted by passing judgment on 
each record in Class III as to whether or not it appeared justified 
from a careful consideration of the clinical features. This was ad- 
inittedly a somewhat arbitrary procedure, vet the independent 
deliberations of each of the three authors resulted in unanimity of 
opinion in all but a very few cases. 

The basis of classification of the electri wardiograms may be clearer 
from the following examples of actual cases: 

Crass I, Group A. A middle-aged man was ill with typical clinical 
eatures of coronary thrombosis. Serial ECG’s, of which the one considered 
here was the first, were all normal, and rendered this diagnosis untenable 
This led to a suspicion of dissecting aneurysm which was finally diagnosed 

(Group B. An elderly man under study for sudden severe headache and 
gastro-intestinal disturbance followed by dyspnea had a “routine”? ECG 
which unexpectedly showed signs of acute myocardial infarction (wit! 
typical evolution of T-wave abnormalities in subsequent serial records 

Crass Il, Group A. An old woman with a history vaguely suggesting 
oronary thrombosis had a normal ECG, which was regarded as helpful in 
excluding the improbable diagnosis 

Group B. One 35-year-old man with a history suggesting coronary 
thrombosis had an ECG showing abnormalities compatible with but not 
typical of myocardial infarction. Another older patient with a similar 
iistory had classical ECG changes for anterior apical myocardial infarction 
Both records supported the clinical impression and were therefore regarded 
as helpful. 
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Cass ILL, Group A (justified). A middle-aged man with hypertension 
Was suspected of having heart disease on this basis but definite evidence 
was lacking. ECG also was normal, therefore not positively helpful, yet 
thought to be justified. 

Group A (unjustified). A young man with gigantism and psychoneurosis 
with respiratory symptoms, palpitation, and precordial discomfort had no 
abnormal cardiovascular findings and an ECG was normal. <A second 
ECG, drawn in this study, was the same as the first, therefore considered 
unhelpful, and deemed unjustified since there were no new indications for 
its being repeated. 

Group B (justified). A middle-aged woman with hypertension had been 
under treatment with digitalis for heart failure for several years. The 
ECG drawn in this study showed I-V block. Because similar findings had 
heen disclosed 2 years before, this record was regarded as unhelpful yet 
justified at least because of the long interval between the examinations. 

Group B (unjustified), An elderly man with known arteriosclerotic 
heart disease with auricular fibrillation. A first ECG showed the abnormal 
mechanism as well as left axis deviation and S-T and T changes of the 
variety due to digitalis. Another ECG, drawn in this study, was requested 
only a few days later without new indications, and the tracing was similar 
to the first. The seeond record was therefore deemed unhelpful and 
unjustified 


PaBLe 3 EVALUATION OF ELECTROCARDIOGRAMS IN A YEAR OF SMALL DEMAND 
AND A YEAR oF LarGe DeMAND 
1934 1930 
100 ECG's 100 ECG's 
( iss (diagnostic*® 
Croup Unexpectedly normal 0) 2 
Group B— Unexpectedly abnormal 16 12 
Total 16 14 
Class II helpful 
Group A— Normal ' 5 7 
Group B— Abnormal 34 40 
Tota 39 17 
Class ILL (unhelpful 
Group A— Normal 14 20 
Group B-— Abnormal 31 19 
Tota 15 39 


* Diagnostic in sense that unexpectedly new clinical data of importance resulted. 


It is acknowledged that the two samples of 100 records are too 
small to permit statistical treatment, but the analysis as summarized 
in Tables 3 and 4 reveals interesting trends. 

It is notable that in 1939, when electrocardiography was used 
about twice as frequently as in 1934, the percentage of insignificant 
or unhelpful records (Class II]) was smaller, while the percentage 
of clinically helpful records (Classes I and II) was definitely larger 
Table 3). Moreover, there were only about half as many seemingly 
unjustified records in the vear of greater demand (‘Table 4). If one 
grants the liberal view that all of the Class I and II records were 
justified, then 85°% of the tracings in 1934 and 92% in 1939 fall in 
this category. The actual differences in support of these observa- 
tions are small, but the trend in the direction indicated, rather than 
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the opposite one, seems to us convincing evidence that the greater 
volume of work in the latter vear was profitably expended. 

That the greater clinical value of the records in 1939 was not due 
in any important respect to the routine employment of a precordial 
lead in this vear was excluded by a specific inquiry which revealed 
that among the 100 electrocardiograms, of which 71 were abnormal, 
there were only 3 in which the interpretation of abnormality was 
dependent primarily or entirely on changes occurring in Lead [V-F. 


TABLE 4 JUSTIFICATION OF CLass LIT CUNHELPFPUL) ELECTROCARDIOGRAMS RING 
4 YEAR OF SmMaui DEMAND AND A YEAR oF LARGE DEMAND 
Year Grou Justified tifted 
1934 (45 ECG's \ (normal 10 1 
B (abnormal 20 11 
Potal 0) 
1939 (39 ECG's \ (normal 17 
B (abnorma 14 
Total 


SecTION ILL. Inquiry Into the Value of Routine Electrocardiog- 
raphy. We proceeded to investigate whether a significant amount 
of cardiac abnormality was being overlooked through the practice 
of obtaining electrocardiograms only when they seemed clinically 
indicated to the staff. We therefore undertook the following 
experiment. 

Klectrocardiographic observations were made on 300 patients 
from all divisions of the New Haven Hospital and LOO patients from 
the medical clinic of the New Haven Dispensary. All were patients 
for whom electrocardiograms were not requested in the ordinary 
course of the clinical study. Selection was exercised only in that 
subjects less than 13 vears old were not included. In the interests 
of economy of materials and time most of these examinations were 
made with an amplifier type electrocardiograph whose galvanometer 
deflections were observed directly on a slowly-moving fluoroscopic 
lag-screen belt illuminated with horizontal millimeter lines and 
vertical 0.1 second time subdivisions.* The accuracy of these 
observations was verified by obtaining a conventional electrocardio- 
graphic record whenever there was doubt as to whether the measure- 
ment or character of any feature was within normal limits, and the 
interpretations of such permanent records were then compared with 
our notes based on the direct visual method; only a very few minor 
discrepancies were encountered. Electrocardiograms of the three 
usual limb leads and precordial Lead IV—F were studied. 

In order to avoid influencing the professional house and attending 
staffs in their ordering of electrocardiograms on patients in the 
hospital, the investigation was done surreptitiously, usually over 


* Sanborn cardiette and cardioscope 


yor 
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week-ends, and information acquired by us was not divulged until 
the study was completed. We discarded and made substitutions 
for cases in which electrocardiograms were subsequently formally 
requested during the patient's hospitalization. In performing the 
100 examinations in the out-patient clinic, only new patients were 
taken, they were chosen at random, and the observations were made 
early in the morning while the patients were awaiting the opening 
of the clinic. The case history pertaining to each of the 400 elec- 
trocardiograms was later searched for data and opinions bearing on 
the presence or absence of cardiovascular disease. 

These examinations were conducted sporadically over a period of 
% months, chiefly in May and November, so that seasonal factors 
concerned in the type of cases admitted were partly controlled. 
luring this time there were several changes in professional staff, 
and personal factors which might influence the frequency of calling 
for electrocardiographic aid were thus minimized. 


PABLI ABNORMALITIES ENCOUNTERED AMONG 400 UNREQUESTED ROUTINE 
ELECTROCARDIOGRAMS 
| 13-29 1-39. 40-49. 50-59. 60-69. 704 Total. 13-35. 36-49. 504 
mber of HOG 11 7 73 67 26 151 102 147 
ECG 93 41 36 16 20 7 213 120 43 
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h ECG ited by the single most important abnormality it presented 
G abnormalities were established by the following: P-R interval in excess of 0.20 second. QRS duration in excess 
second. QRS amplitude not exceeding 0.5 mv. over all in the limb leads. Q wave in Lead IV-F more than 0.3 mv 
tude. R wave absent in Lead IV-F. Left axis deviation only when marked. Right axis deviation. S-T dis- 
nt of more than 0.1 mv. T-wave amplitude of less than 0.1 my. in Leads I or Il. T-wave inversion or diphasia 
ads I, IT, and IV-I T-wave inversion of unusual depth (5 mv.) in Lead III (one instance). 
led a g ECG abnormalities were the following: P-wave deformities. Very slight slurring of QRS. Low 
f QRS Lead IV-F only. Prominent Q wave in Lead ILI. Isoelectric T wave in Lead IV-F. 


The results of this inquiry are summarized in Tables 5 and 6, from 
which it is seen that while 109 (27.2%) of the electrocardiograms 
were abnormal, some abnormality might have been expected in 
(0 (15%), but was an entirely unexpected finding in 49 (12.2%) 
of the patients examined. No patient was included in the “unex- 
pectedly abnormal” group whose blood pressure exceeded 150 sys- 
tolic or 95 diastolic. Moreover, if any detail in the recent history 
or physical findings had a possible cardiac implication the record 
was excluded from this group. Even after eliminating 22 cases 
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showing only low voltage (a net QRS amplitude not exceeding 
5 mm. in the limb leads), and an instance of right axis deviation in 
a young woman, since these may not always establish organic dis- 
ease of the heart, there were still S6 (21.57) of the 400 examinations 
that revealed changes which are usually considered definitely abnor- 
mal, and of these 31 (7.8°7,) were unexpected. Furthermore, it is 
worth emphasizing that while the number of abnormal electrocardio- 
grams in this group cannot easily be made smaller (see Discussion), 
there are several possibilities that it might actually be larger. 
Thus, although no borderline records are included in the group and 
even tracings with left axis deviation of moderate degree were ex- 
cluded, some of these may well imply cardiac abnormalities in 
certain of our patients. Also, we ignored Q—T measurements en- 
tirely, vet there is evidence that prolongation of this interval 
bevond certain definite limits may indicate cardiac abnormality.' 
Moreover, in these single electrocardiographic examinations we may 
have overlooked the pathologic significance of records whose features 
were within normal or borderline limits, vet which possessed changes 
indicative of cardiovascular abnormality that would have been 
evident from serial studies. "The importance of serial changes, even 
when slight, is well known? and has been abundantly confirmed in 
our experience. Finally, a few cases were excluded from the 
“unexpectedly abnormal” group on the basis of a single blood pres- 
sure determination in which either a systolic or a diastolic reading 
exceeded our established limits but did not necessarily prove the 
existence of true hy pertension or ha pertensive heart disease. Even 
when the electrocardiographic abnormalities bore no conceivable 
relation to the abnormal clinical features, as in the case of a voung 
woman with a craniopharyngioma and paroxysmal hypertension and 
with deviation of the electrical axis to the right, our convenient but 
conservative rule obliged inclusion of the case in the “expectedly 
abnormal” group. 


PaBLE 6 EXPECTANCY AND FINDINGS OF NORMAL AND ABNORMAL ELECTROCARDIO 
GRAMS AMONG 400 UNREQUESTED RouTINE Recorps.* 


Age grou 40 HO 
20 39 59. 69. 70 lot 19. 50 
Expected normals OO 10 4 135 
Actual normals S7 37 2s 13 15 i 1S4 111 11 32 
Abnormals 11 10 13 14 21 15 
Borderline 2 14 10 11 } 3 14 10 16 IS 
Actual abnormals 6 l 5 19 19 10 60 6 6 1s 
Borderline l | 9 12 Ss 1 10 23 
Normals 6 } S 3 5 3 29 4 9g 11 


Expectancy based on clinical findings and impressions 


Another fact of particular interest which emerged from this study 
was that electrocardiographic abnormalities occurred in 15% of the 
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subjects less than 30 vears of age whose histories, physical signs, and 
clinical impressions gave no suggestion of cardiovascular disease. 
The relatively high incidence of abnormalities in the tracings among 
the elderly patients, even in the absence of other clinical evidence 
of heart disease, was perhaps to have been expected and has recently 
been emphasized by others also. In the younger age groups, 
however, these findings came as a surprise. 

Because of the possible bearing of these observations on the 
judgment of physical fitness of men called to arms under the Selec- 
tive Service Act, the age groups were recast to show the results 
among subjects through the draft age, as compared with middle-aged 
and elderly groups. Definitely abnormal electrocardiograms oc- 
curred in 13.20% of the youngest group without other clinical evi- 
dence of heart disease; if the borderline feature of left axis deviation 
is included, 20.5 of the group within the draft age were not normal. 
Since these observations are confined to a population made up of 
patients they are not necessarily applicable to the general population. 

It is pertinent to the subject of routine electrocardiography to 
refer briefly to unpublished observations, carried out previously in 
this laboratory by A. 1). Chidsey,? on electrocardiographic abnor- 
malities encountered in the examination of patients with acute infec- 
tious diseases. Fifty subjects suffering chiefly from pneumonia, 
scarlet fever, and acute tonsillitis and pharyngitis, were selected for 
study because they had no history or physical signs of cardiac or 
vascular disease, were free from hypertension, and had received no 
drugs like digitalis or quinidine. Klectrocardiograms, including the 
three limb leads and precordial Lead IV—F, were taken at 4- or 5- 
day intervals both at the height of the illnesses and during convales- 
cence. In 22 of the patients (44° of the group) electrocardiograms 
that were judged either probably or definitely abnormal were ob- 
tained. Fifteen of the patients (30° of the group) exhibited definite 
abnormalities, either RS—T and changes or delaved A-V conduc- 
tion, which in all but one instance were transient or changing during 
the serial studies. A descriptive tabulation of this group of cases is 
presented in Table 7 (Chidsey'’s Table 4). Since the average age 
of these 15 patients was 25.6 vears, of whom the 2 oldest were 
12 and 435 vears of age, respectively, not even asymptomatic coro- 
nary sclerosis can be invoked in explanation for the observed abnor- 
inalities, and it is believed that the serial changes indicated an acute 
myocardial involvement that was not evident clinically. 

Electrocardiography seemingly offers an important case-finding 
method in the field of cardiovascular disease even among the rela- 
tively voung who have had the benefit of examination and stud) 
by two or more physicians under hospital conditions. It appears 
that the routine employment of this laboratory aid discloses a 
significant incidence of electrocardiographic abnormality beyond 
that which might be expected from other clinical evidences. 
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Discussion. It is illogical to presume that the steady increase in 
the proportion of abnormal electrocardiograms as more and more 
tracings were made annually (Section I) was primarily attributable 
to the more frequent resort to this diagnostic method; for although 
heart disease may now be called “captain of the men of death,” it 
is certainly not yet an associate of the majority of the sick, and 
the relative occurrence of electrocardiographic abnormalities would 
show a decreasing increment as abnormal records are looked for 
more generally and with less discrimination. We believe, therefore, 
that these observations, together with the unexpected results of the 
samplings dealt with in Section IT imply a more judicious and intelli- 
gent application of this laboratory aid coincidental with its increased 
employment, and from this one may, further, infer that a more 
liberal use of this diagnostic method does not necessarily result in 
wasteful expenditure of laboratory service. The additional dis- 
covery of a considerable number of electrocardiographic abnormali- 
ties in a significant proportion of patients who were regarded as free 
from cardiovascular disease (Section II]) is direct evidence in sup- 
port of a prevalent view that a full appraisal of the cardiac status is 
not complete without this adjunct to supplement the history, physi- 
cal examination, functional tests, and roentgenographic study. 

As to the significance of the unexpected abnormalities encoun- 
tered, a valid general appraisal is admittedly difficult to make. 

In the first place, the bases upon which we separated the expected 
from the unexpected abnormalities were necessarily arbitrary even 
though our approach was deliberately objective. Nevertheless, 
modification of the criteria of judgment in one direction or another 
does not enhance the results. Thus, if the clinical features that 
define an unexpected abnormality are made narrower and more 
rigid, the number of unexpectedly abnormal records naturally rises; 
while, if the clinical features defining an unexpected abnormality 
are made broader and more inclusive, the number of normal tracings 
increases unreasonably. 

In the second place, some of our unexpectedly abnormal records 
might be explained, a posteriori, by a history like that of trichinosis 
some years before or diphtheria in childhood. If the validity of 
such explanations could be established, then some of the unexpected 
abnormalities we encountered may have no present or future clinical 
importance at all. However, in other patients the discovery of 
similar unexpected abnormalities may be highly significant. For 
example, T-wave abnormalities or heart block (A-V or I-V) in the 
diabetic patient or the subject with Buerger’s disease may imply 
current coronary heart disease and progressive cardiac damage with 
definite prognostic inferences. 

Thirdly, although a considerable portion of the electrocardio- 
graphic abnormalities was found among the older age groups, this 
might not be considered surprising, for coronary heart disease is 
common among them, the nature of such heart disease is particu- 
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larly prone to produce electrocardiographic alterations, and changes 
in the tracings are more to be expected in ais heart disease as it 
ages with advancing vears. As a matter of fact, the occurrence of 
unexpected abnormalities was consistently lower in the older than 
in the younger age groups with the criteria we followed. Old age 
per seis not a cause of such abnormalities. It seems quite likely, 
therefore, that the unexpectedly abnormal electrocardiograms in 
the older patients indicate cardiac involvement not otherwise 
apparent. 

Finally, the actual significance of certain familiar electrocardio- 
graphic abnormalities is not vet clearly established, for the category 
of abnormal features is built up largely from studies on patients 
with known or suspected heart disease instead of statistical analyses 
of large groups of normals. For example, low voltage occurred in 
2? of the 400 patients examined in Section II] of this study, and in 
IS subjects this finding occurred in the absence of any presumptive 
evidence of heart disease. Wilson!'® found low voltage in less than 
1°; of 100 normal subjects, which suggests that this feature was 
abnormal. However, Willius and Nillins® stated that in 68°; of 
140 cases showing low voltage there was no apparent heart disease, 
and unpublished studies* made in this laboratory of 50 cases exhibit- 
ing low voltage included 15 patients in whom heart disease was not 
itherwise established. Thus, while low voltage Trai \ be an electro- 
cardiographic abnormality, its significance and relation to heart 
disease is still uncertain in our opinion. Similar considerations 
may perhaps apply to other electrocardiographic abnormalities, 
such as unusually low, flat, or diphasic T waves.* The serial changes 
in ‘T’ noted by Chidsey® in patients with acute infectious diseases 
suggest at least transient myocardial involvement. Perhaps such 
changes mean no more than abnormal findings in the urine encoun- 
tered transiently in conditions other than primary disease of the 
kidneys, but the facts indicate that the electrocardiogram, like the 
urine analysis, may furnish evidence of such involvement which 
may not otherwise be clinically apparent, and may influence views 
bearing on diagnosis, prognosis, and convalescence, the validity of 
which can be proved only by further experience. 

If on the other hand, most of these abnormalities should prove 
meaningless, then our unexplained abnormal findings are but few 
and may cause no further concern. We are not prepared, therefore, 
to recommend electrocardiography as a routine examination, 
although it appears fully as capable of revealing obscure disorder 
as the more conventional routine blood count and urine analysis. 
Our results oblige us, however, to view electrocardiography as a 
desirable laboratory test not only in cardiac patients but also in 
those with diseases that are known or suspected to involve the heart 
secondarily, and in all elderly subjects. Our study indicates that 
wide general use of this laboratory method is amply justified by its 
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frequent disclosure of unexpected abnormalities which may prove 
to imply cardiac involvement that would otherwise escape detection. 

Summary. Inquiry into the clinical helpfulness of a large and 
steadily increasing demand for electrocardiograms in the New Haven 
Hospital and Dispensary revealed that the proportion of abnormal 
records obtained has grown considerably and has practically paral- 
leled the increasing demand, and that the clinical value of a repre- 
sentative group of records in a year of high demand was fully as 
great as In an earlier vear when records were requested only half 
as frequently. 

A study of the results of routine electrocardiography disclosed a 
significant incidence of electrocardiographic abnormalities beyond 
that which might be expected from other clinical evidence. 

Conclusion. ‘The increasing use of electrocardiography in local 
hospital practice appears justified. Requests for routine unneces- 
sary electrocardiograms are decried, but their liberal use, if applied 
judiciously and intelligently, discloses abnormalities of clinical value 
sufficient to warrant the extra expenditure of laboratory service. 
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THE DANGER OF PROCRASTINATION IN BILIARY TRACT 
DISEASE UNTIL IRREVERSIBLE LIVER AND 
KIDNEY CHANGES OCCUR. 


By Apranam Witensky, M.)).. 


NEW YORK, N. Y. 


Tur terminal phase of biliary tract and liver disease is the result 
of the progression of certain events, the pattern of which appears 
to be uniform. The pattern has been labeled * cholemia”’ mislead- 
ingly, for the picture is not entirely dependent upon the presence of 
icterus or hyperbilinuria. A much better term would be “ hepatic 
insufficiency.’ Most of the cases presented, in addition, evidences 
of severe renal (hepatorenal syndrome) damage. While the picture 
is outwardly more or less uniform, many inconstant, interesting and 
unexpected functional and pathologic phenomena have occurred in 
other organs, showing that the results of hepatic insufficiency are 
far-flung.®*~¢ 
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The exact factor in hepatic insufficiency which is responsible for 
the various organ changes is at the present writing unknown. The 
observation that necrosis of liver cells was associated with changes 
in the renal parenchyma and consequent renal insufficiency led 
some men to postulate the liberation of a nephrotoxic poison from 
the necrosed liver cells. Helwig and Schultz‘ in cases of liver pulpi- 
fication, and Fitz-Hugh? in cases of common duct obstruction with 
infection believed the mechanism to be definitely nephrotoxic, and 
incriminated infection as the chief cause. The association of liver 
damage and renal insufficiency has been reported too often to be 
merely a coincidental finding. However, there is little experimental 
proof for this relationship. The association may be merely the 
result of a disturbed water balance and Mann’s® work on hepatecto- 
mized animals would tend to corroborate this. Edema occurs in 
hepatic insufficiency, but this may be the result of cardiac failure 
or of a disturbed relationship of blood proteins which occurs in liver 
disturbances. It is even conceivable that the hepatorenal syndrome 
may be the result of an absence or diminution of some factor, pos- 
sibly hormonal, which is elaborated by the liver. Bile retention 
does not cause the profound changes, since jaundice is not necessarily 
a part of the picture. Though biliary nephrosis is not uncommon in 
obstructive jaundice, these patients may go for long periods of time 
without developing hepatonephritic toxemia. Circulatory vaso- 
constriction or vasodilatation has been adduced as a possible cause 
of these interrelated hepatorenal changes because of their intimate 
embryologic blood supply. 

The clinical picture of biliary tract and hepatic disease terminating 
with oliguria, anuria and uremia is fairly well known. I have 
observed this quite frequently and feel that this is a common mode 
of exitus, but I do not believe that the effects are specific for the 
kidneys alone. In 10 cases which came to postmortem examination 
the hepatorenal svndrome was applicable to 6. In 3 cases the pre- 
dominant terminal phase was cardiac and | case presented an unus- 
ual blood picture resembling a subleukemic myelogenous leukemia. 

It has been my observation that in common duct obstruction the 
outcome is favorable, provided infection does not set in in the biliary 
tree. Once infection gains a foothold, whether the obstruction is 
relieved or not, the entire picture changes and the course is fre- 
quently rapidly downhill. Operative release of common duct 
obstructions is often too late subsequently to reverse the preceding 
sequence of events. The resulting cholangiohepatitis does not bear 
any relationship to any particular bacterial organism, although the 
latter is probably derived from the alimentary canal. The quanti- 
tative extent to which the liver parenchyma is functionally involved 
will determine the final outcome, but frequently there are no recog- 
nizable corresponding anatomic changes. Oécertel, Stadelmann and 
Eppinger, Jr., have pointed out that some activity liberated in the 
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liver cell environment disturbs the normal cell function so that it is 
unable to neutralize the toxins which result from normal digestive 
processes or other sources. Infection in the biliary radicals is not 
the only means of causing sufficient liver damage to produce the 
terminal picture, for direct trauma with pulpification of the liver 
and other mechanisms have produced the liver-kidney syndrome. 

In my cases the characteristic changes found in the kidneys were 
marked degenerative changes in the tubules, and at times in the 
glomeruli, with occasional hemorrhages in the renal parenchyma. 
One case presented miliary abscesses. Mvocardial changes, when 
present, were also of a degenerative nature. The case presenting 
an unusual blood picture showed hyperplasia of the myeloid struc- 
tures. All cases presented a severe degree of periportal cellular 
necrosis of the liver. 


Case Reports. (Ase 1. For the preceding year a 52-year-old woman 
had complained of abdominal cramps, gastric eructations, epigastric pain 
radiating to the back and right shoulder, without jaundice or change in the 
color of the stool. The patient was not acutely ill, but was elderly in 
appearance and obese. The laboratory findings included: 1, Roentgen ray 
visualization of a single gall bladder stone; 2, icteric index of 11.2; 3, an 
indirect Van den Bergh of 0.7 unit; the other findings were of no particular 
Importance, 

The operative exploration showed: pericholecystitic adhesions, a chronic 
cholecystitis with one large stone and an old healed duodenal ulcer. For 
3 days the patient seemed to do well, then fever developed; there were 
questionable signs in the left lung; there was rapid subsequent deterioration 
and exitus occurred on the following day. 

The postmortem examination showed: periportal inflammation in the 
liver parenchyma with fatty infiltration in a cirrhotic environment and an 
acute parenchymatous nephritis. 


This is the more or less typical case of chronic gall bladder disease 
with subacute cholangitic infection which terminates fatally within 
a few days after operation, the trauma of operation probably acting 
as an impetus for the infection to become more fulminating. Al- 
though the laboratory study was inadequate, the clinical course 
indicated that this case terminated with renal failure, since outside 
of the liver the chief histologic changes were found in the kidneys. 

Case 2.-A 65-year-old patient was admitted in a second abdominal 
episode with jaundice, daily chills and fever, and right upper quadrant 
pain of 6 days’ duration, after a free interval of 5 years. The pain was not 
severe but the jaundice had deepened, the stools had become yellow and the 
urine very dark. A persistent hiccough was present. 

The patient was an elderly, well-developed, rather obese, white male, 
markedly icteric, acutely ill, and in very bad general condition. The abdo- 
men was slightly distended; and there was marked costal tenderness and 
percussion tenderness over the lower right ribs. The liver was enlarged to 
3 em. below the costal margin. No other masses or viscera were palpable. 
The rest of the examination was relatively negative. 

Although operation appeared urgently indicated, the patient’s general 
condition was too precarious for any form of surgery. There were toxemia, 
chills and high fever, a clay-colored stool, increasing abdominal distention, 
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oliguria, a non-protein mitrogen of 117 mg. per LOO ce. and an increase in 
the icteric index. The patient died. 

The important laboratory data were the following: icteric index, 94.5 
to 137.38; Van den Bergh, direct immediate and 17 units indirect; blood 
urea, 31.1 mg.; non-protein nitrogen, 117.6 mg.; creatinine, 2.73 mg.; 
urine, bile +++-+=: blood culture, B. subtilis. 


This case presented the severest type of liver-induced injury to 
the renal mechanism. The terminal picture included oliguria, 
anuria and uremia, and the azotemia was well marked quantitatively. 


Case 3.—A 60-year-old white female, comatose and in moribund condi- 
tion, had had during the preceding year progressive anorexia, bronzing of 


the skin, and loss of weight. An acute episode of severe right upper quad- 
rant pain had ushered in the present emergency. There were marked tox- 
emia, emaciation, dehydration and jaundice. Many of the toxemic mani- 
festations were referable to the central nervous symptoms. The only 


objective findings were marked tenderness in the right upper quadrant and 
a slightly enlarged liver. Death occurred on the day following admission 


Laboratory data included: hemoglobin, 102¢,; red blood count, 5,200- 
OOO: white blood count, 23,500: neutrophils, 50°: urine, smoky, acid, no 
albumin, small number of casts; Wassermann and Kahn, negative. Blood 
chemical studies: sugar, 178.6; urea nitrogen, 21; non-protein nitrogen, 
21; urie acid, 3.6; creatinine, 1.28; icteric index, 63.3; Van den Bergh direct 
immediate; indirect 5.1 units/100 ee. serum. 


This case presented the picture of a long-standing progressive 
obstructive jaundice in which the hepatic insufficiency intervened 
suddenly, probably as the result of a sudden complete tightening of 
the obstruction, no doubt precipitated by an overwhelming infection. 
The ensuing toxemia was marked by symptoms referable to the 
central nervous system. 


Case 4.—Ten days before admission, a 58-year-old man, the subject of 
angina pectoris for the preceding 7 years, complained of epigastric pain 
which was followed by a gradually increasing, intense jaundice. Weakness 
and languor were marked at the onset and for the 2 days before admission, 
mental changes were evident: restlessness, delirium, and finally coma. 

The physical examination revealed an elderly well-nourished, extremely) 
restless, comatose, cyanotic individual, with stertorous breathing, and 
marked jaundice. Pupils were slightly irregular, dilated, fixed to light and 
slow nystagmus was present. There were exophthalmos and markedly 
icteric sclere but the fundi were normal. The lungs were emphysematous. 
The cardiac sounds were distant, and a harsh systolic blowing, non-trans- 
missible murmur was present at the apex. The area of liver dullness was 
distinctly diminished. No other masses or viscera were palpable. There 
was marked hyperreflexia, with bilateral ankle clonus and Babinski. The 
abdominal and cremasteric reflexes were absent. The rest of the physical 
findings were of no clinical importance. 

There was definite oliguria with terminal anuria. The urine contained 
a large amount of albumin, an occasional red and white blood cell and many 
hyaline and granular casts. However, no leucine or tyrosine crystals were 
present; and there was no glycosuria or acidosis. Bile and urobilinogen were 
present in the proportion of 1:10. 

The blood chemical studies were as follows: glucose, 61.7 mg.; non- 
protein nitrogen, 67.4 mg.; creatinine, 1.21 mg.; chlorides, 410 mg. per 
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100 ce. whole blood; CO, combining power, 30.5 vol. ©; ; icteric index, 61.9; 
Van den Bergh -immediate direct, 5.3 units indirect. The Wassermann 
and Kahn tests were negative and no heavy metals or other poisons could 
be found in the gastric contents. The hemoglobin was 92°;; the red cell 
count was 4,900,000; the white blood cells numbered 21,800 with 83°; 
neutrophils, 

The patient lived for 14 hours after admission to the hospital. There 
were terminal fever, restlessness, flaccidity and Cheyne-Stokes respiration. 
Death occurred in cardiac collapse. 


This case presented the picture of a subacute vellow atrophy with 
severe renal impairment and with unusual cerebral symptoms. — It is 
possible that the hyperglycemia may have contributed to the picture, 
but it is apparent that the cerebral symptoms are out of proportion 
to the degree of demonstrable anatomic change. 


Case 5. A 40-year-old female, who had had 2 children, was admitted 
because of pain in the right upper quadrant radiating to the back. The 
last menstrual period 2 weeks before admission was unusual in that she 
bled for 10 days. Since the onset there were progressively increasing jaun- 
dice, clay-colored stools, pruritus, nausea, anorexia, weakness and a loss 
of 15 pounds in weight; and, although there had been no further attacks 
of abdominal pain, a sense of soreness persisted in the back. 

The physical examination revealed a middle-aged, well-nourished, 
markedly jaundiced, white female, in whom there was practically no 
palpatory localizing signs. 

On admission the patient complained of nausea and a feeling of weakness. 
On the seventh and eighth days she had a slight chill and a rise of tempera- 
ture to 103° F. An unusual blood picture, namely, an aplasia of the blood 
elements then developed until the white cell count fell to 350 cells with 
marked relative lymphocytosis. A number of myeloblasts were found on 
careful search. The red blood cell count, hemoglobin content and the 
number of the platelets likewise kept falling. Transfusions were without 
avail. A myeloid leukosis was suspected but a sternal marrow puncture 
revealed nothing diagnostic. The icteric index, which had previously 
been rising steadily, began to fall with the onset of the fever. Urobilin 
appeared in the stools and urine. The cholesterol esters began to fall. 
Urine excretion was abundant even in the presence of an increasing azotemia. 
The phenolsulphonephthalein excretion was undeterminable. Toward the 
end, there were increasing weakness, dyspnea, elevated temperature, mus- 
cular twitchings, delirium and terminal coma; exitus finally occurred. 


This case was unusual in that the hematologic picture showed a 
rapidly progressive aplasia of all the blood elements with the ap- 
pearance of very immature myeloid cells, so that antemortem, the 
diagnosis of myelogenous leukemia was made. The histopathology 
did not bear this out, and again we have an illustration that liver 
damage may have widespread, protean and, at times, most unusual 
and bizarre effects. 

Case 6.--A 45-year-old, obese, white woman was admitted to the hospital 
because of frequent episodes of nausea, retching without vomiting, and 
intermittent attacks of severe hypochondriac pain. Finally, pruritus was 
present; the urine became dark and the stools clay-colored; marked jaundice 
developed. Nevertheless, the patient was relatively comfortable and did 
not appear acutely ill, There were several small hemorrhagic spots on the 
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abdomen. The heart and lungs were negative. There was marked tender- 
ness with some rebound tenderness in the right upper quadrant, but without 
rigidity. No masses were palpable, but the liver was slightly enlarged. 
The laboratory data included the following: Wassermann and Kahn 
tests, negative; hemoglobin, 110°, ; red blood count, 5,400,000; white blood 
count, 6700 with 70°; neutrophils. Blood chemical studies: chlorides, 
271.1 mg.; glucose, 99.5 mg.; urea nitrogen, 114.8 mg.; uric acid, 219 mg.; 
icteric index, 191.4; Van den Bergh, indirect, 18 units; bleeding time, 2 
minutes; coagulation time, 5} minutes; urine, vellow, acid, sp. gr. 1.016, 
$+- bile, no urobilinogen, occasional leukocyte; stool, no bile salts present 
After preliminary, not completely satisfactory preparation, she was 
operated upon. <A chronically diseased gall bladder was found, and stones 
were present in the gall bladder and in the common duct. The patient did 
well for 8 days. Then she became drowsy and the temperature rose to 
102° F. A diffuse erythema multiforme-like rash appeared, with oliguria, 
drowsiness and terminal coma. Exitus occurred on the fourteenth day. 
The postmortem examination demonstrated an obstructive jaundice due 
to stenosis of the common bile duct and stones; a toxic hepatitis; an acute 
nephritis; multiple abscesses of kidneys; and a localized plastic peritonitis. 
The liver showed marked destructive changes with attempts at a compensa- 
tory hypertrophy; diffuse fibrous rupture of the bile capillaries and hemor- 
rhagiec infiltration of parenchyma; dense fibrosis in areas with almost com- 
plete obliteration of the normal liver elements. The kidneys showed diffuse 
hemorrhagic and degenerative changes in the tubules and glomeruli. 


This case presented an unrelievable common duct stenotic obstruc- 
tion with hepatic insufficiency. A fatal termination was inevitable. 
Although the case is presented as an example of the liver-kidney 
syndrome, the general infection and the local suppurative foci in 
the kidneys and in the peritoneum must not be lightly dismissed, 
and were surely the final irreversible and dominant cause of death. 
This association occurs so often that its importance must be stressed. 


CASE 7. Ina 58-year-old female with cardiac disease a cholecystectomy, 
done for chronic cholecystitis and cholelithiasis, was followed in the sue- 
ceeding 5 years by increasingly frequent recurrent attacks of chills and fever, 
agonizing right hypochondriac pain with vomiting and jaundice, with clay- 
colored stools and highly colored urine. 

The physical examination revealed a groaning, dyspneic, cyanotic, icteric 
person. The heart was not enlarged to percussion; the sounds were fair 
and the pulmonic sound was louder than the aortic. The cardiac rate was, 
however, totally irregular. The lungs were clear. The abdomen was 
obese, distended, rigid on the right side with tenderness in the right hypo- 
chondrium and epigastrium; and the liver was enlarged. 

A severe chill with temperature of 105° F., cyanosis and semicoma inter- 
vened quickly and the patient died 9 hours after admission in cardiac failure 
No laboratory work-up was possible. 

The postmortem examination showed cholelithiasis, stenosis of the bile 
duct, acute and chronic suppurative cholangitis and hepatitis; toxie form 
of nephritis; splenomegaly and acute splenitis; chronic pancreatitis; diffuse 
fibrillary myocarditis and atheroma of the aorta. 


This case presented a long-standing incomplete common duct 
obstruction with infection in the biliary radicals. Drainage through 
the common duct was at first sufficient to take care of the infection; 
but finally the drainage became incomplete and the infection then 
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overwhelmed the hepatic cells, producing liver insufficiency. Never- 
theless, the immediate termination was a cardiac phenomenon, 
based upon an old endomyocardial lesion, and fatally exacerbated 
by the overwhelming infection. 

Among cardiologists, the deleterious effect of a focus of infection 
upon cardiac lesions is so well known either as an inciting or contrib- 
utory agent that a cardiac lesion has at times been the deciding 
factor in determining operation upon the biliary tract apparatus. 
Beneficial effects upon the cardiac condition have followed many of 
these operations. This should emphasize the advisability of early 
operative attention to gall bladder and liver conditions. 

Evidence of severe renal damage was also present; this completes 
the clinical picture of the hepatorenal syndrome; and there is no 
doubt that, had the patient continued existence, the terminal phe- 
nomena would have been those of renal insufficiency. 


Case 8. In a 48-year-old man there was a history of a long-continued 
dyspepsia and episodes of epigastric pain associated with vomiting, light- 
colored stools, jaundice and latterly with chills and high fever. The im- 
pression given by the present 7-day-old episode was that the jaundice was 
of an obstructive nature with a superimposed cholangitic infection. 

Physical examination revealed an acutely ill, icteric, cyanotic, white 
male. The lungs were clear except for an occasional sibilant rale. The 
heart had a seft blowing systolic murmur at the apex. There was rigidity 
of the upper rectus muscle with exquisite tenderness in the epigastrium. 
The liver was slightly enlarged. 

The laboratory studies showed the following: hemoglobin, 58°; red 
blood cells, 4,600,000; white blood cells, 10,900; neutrophils, 70°7; blood 
sugar, 101.5 mg.; blood urea, 13.4 mg.; creatinine, 1.41 mg.; cholesterol, 
109.9; esters, 59°,; Van den Bergh, direct 28.1- units; phenolsulphone- 
phthalein, 10°; in 2 hours; stools negative for blood; clay-colored; stomach 
analysis: free acid 20, total 44, no bile; bleeding time, 2 minutes and 
coagulation time, 4 minutes; urine, bile present 

The original impression, 7. e., obstruction plus infection, was confirmed. 
There was continued oliguria despite a satisfactory intake, but there was 
no azotemia, even though there was only 10°; excretion of phenolsulphone- 
phthalein in 2 hours. 

It was not possible to prepare the patient suitably for operation and the 
symptoms continued. On the seventh day after admission he developed 
substernal oppression, a choking feeling, a fear of impending death, weak- 
ness, a totally irregular heart rhythm, and electrocardiographic evidence 
of auricular fibrillation with frequent ventricular extrasystoles. The gen- 
eral condition rapidly became critical, and exitus followed shortly thereafter. 

The postmortem findings were: jaundice, ascites, nutmeg liver, con- 
gested fibrotic spleen, chronie peritonitis, chronic pleuritis, healed apical 
tuberculosis, contracted edematous gall bladder, dilated common duct, sub- 
epicardial, subendocardial and intramural hemorrhages; lymphoid hyper- 
plasia. 


This case presents a long-standing gall bladder disease with the 
sudden intervention of obstructive jaundice and cholangitis. There 
undoubtedly was some renal impairment present but the immediate 
terminal picture was a cardiovascular collapse, suggestive of sudden 
coronary occlusion. 
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Discussion. ‘This series of biologic events has its inception in 
the biliary environment and begins usually before the fortieth year 
of life. In the initial primary stage of this disease, the process, for 
practical purposes, is limited to the gall bladder. The important 
facts that clinical experience has demonstrated are that in this 
stage the disease occurs in vounger subjects, the general health is 
good, there are no complicating factors anywhere else in the body, 
the results of surgery are excellent, and the mortality is very small. 
These facts are true when the disease is brought under control at a 
fairly early period of its development, when the patients are under 
forty years of age and when preliminary medical treatment has not 
heen unnecessarily prolonged. 

If unchecked, the further pre Wresslon of the disease Occurs slowly 
and frequently extends over a span of life up to 20 and more years. 
The consequences occur most commonly in the fifth and sixth 
decades of life. Infection enters the picture sooner or later; then 
the process spreads upwards through the biliary tract; and presently, 
various forms and degrees of obstructive jaundice follow with secon- 
dary effects in the kidney. If reversal of the process and especially 
of its dangerous component, jaundice, is not promptly accomplished, 
a whole series of potentially more dangerous consequences develop, 
characterized by destruction of the liver parenchyma, secondary 
degenerative destructive changes in the kidney and anatomic 
changes in other organs which are commonly irreversible forerun- 
ners of a rapid and fatal termination. 

The renal changes are often more marked than those in the liver; 
they often dominate all the other manifestations; and the terminal 
picture is that of “uremic poisoning,” so that the renal picture 
may be taken as a measure of the severity of the entire disease. 
Nevertheless, the apparent rapidity of the terminal stage cannot 
alone be accounted for by the renal damage. Pathologie changes 
occur and coéxist in other important organs which destroy the ability 
of the individual to withstand the damage of the combination of 
primary liver and secondary kidney disease, with or without the 
traumatic insult of any necessary operation. Ina generic way these 
include: changes in metabolism, notably obesity, degenerative 
changes in the myocardium and more or less acute closures in the 
coronary vascular circulation; profound disturbances in less acute 
closures in the coronary vascular circulation; profound disturbances 
in the hemopoietic svstem resembling a blood dyscrasia; and re- 
sultant toxemic disintegrating manifestations in the central nervous 
system. 

Obesity. In the above series of cases, 70% of the women and 
37% of the men were definitely obese. The association holds spe- 
cial relationship and importance to women, possibly because of the 
child-bearing function and consequent metabolic disturbances. in 
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the lipoid (cholesterol) substances. In any case, practical clinical 
experience teaches the marked decrease in capability of resistance 
to infection, and to any form of operative insult. 

Glycosuria. Glycosuria is an important complication of gall blad- 
der disease in patients above 40 years of age. It is important to 
distinguish the group with associated pancreatic disease and the 
group with the ordinary forms of diabetes. With modern methods 
of treatment, glycosuria does not appear any more an important 
factor in the outcome of surgery for gall bladder disease. 

Cardiac Disease. In preoperative electrocardiographic studies 
evidences of old coronary artery closures and of myocardial infare- 
tion are rather common. The latter should not be a necessary 
deterrent to surgical intervention, as with good care, the proper form 
of anesthesia and a rapidly performed operation, the great majority 
of the patients do well. 

Cardiovascular collapse on a myocardial basis is a frequent ter- 
minal event. This usually occurs in those cases in which gall 
bladder disease and mild cholangitis have been present for a long 
time. The cardiac symptoms we have observed have been disturb- 
ances of rhythm with central and peripheral collapse. 

Cardiac disease of this type is, generally speaking, a coincidental 
development during the vears of elaboration of the entire gall 
bladder-liver-kidney sequence. And although, possibly, at the be- 
ginning, the heart lesion and the biliary tract lesion are indepen- 
dently derived, it is a clinical fact that sooner or later the two 
become interrelated. Universal experience has taught the lesson 
that any form of surgery, and especially biliary tract surgery, had 
better be practised before this complication appears, because cardiac 
disease contributes to and increases the mortality of operation to a 
large extent. 

Acute coronary artery closures are much less commonly seen after 
operation upon these patients. They carry even a greater risk than 
under ordinary conditions. 

The possibility of adequate preparation of the cardiac factor so 
that patients can overcome the added trauma of operation is un- 
doubtedly related to the reserve powers of the individual heart. 
At the present writing this reserve cannot be estimated at all accu- 
rately for clinical purposes. Then the question of operative inter- 
ference is a very difficult one to decide, frequently because of the 
impossibility of judging the operative risk. Nevertheless, operative 
intervention is imperative when any jaundice is present. 

Hematologic Complications. The association of chronic liver dis- 
ease, cirrhosis of the liver, and the blood picture of a macrocytic 
anemia is quite well established. In chronic disease of the liver 
there results a failure of storage of the factor necessary for the 
maturation of the red cells. Greene* has pointed out that this fac- 
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tor is present in acute yellow atrophy. None of our cases presented 
the blood picture of a macrocytic anemia, but hypochromic anemias 
were quite common. The unusual blood picture of Case 5 was 
probably not the result of an absence of some hemopoietic element 
from the liver, but rather the result of hepatic toxemia. I have had 
other similar experiences. I have observed, also, that many cases 
of hepatic insufficiency presented leukopenia, and | case presented 
thrombopenia. Hence depression in, or destruction of, the formed 
elements of the blood stream is probably another manifestation of 
hepatic insufficiency. 

Symptoms Referable to the Central Nervous System. There is no 
pathologic evidence of any cerebral changes; but the presence of 
marked cerebral symptoms cannot always be explained on the basis 
of renal failure or the presence of any other abnormality which 
commonly associated with them. 

Ri lation lo the He patore nal Syndrome. The asst lation of hepatic 
and renal disease following primary gall bladder disease is only one 
of the many mechanisms of the much discussed “ hepatorenal syn- 
drome.”’ In clinical medical and surgical practice there is wide- 
spread distribution of hepatorenal symptoms with or without lesions. 
One cannot escape the conclusion that the association of hepatic 
and renal pathologie conditions is necessarily frequent, because of 
the extraordinary biologic and functional intimacy of both of these 
extremely important organs. It seems that the two essential ana- 
tomic factors in this association do not occur in every case in the 
same intensity and proportion. Once this train of functional and 
anatomic disturbances begins, however, other factors come into play, 
such as fever, shock, autolysis of tissue, anoxemia, anhydremia, and 
azotemia, and the primary injury is enormously accentuated. The 
difference in the symptoms, in the suddenness and dramatic effect 
of the terminal clinical manifestations and in the rapid culmination 
in death seem to have most important relations to these various 
diverse, vet interlocking factors. 

Conclusions. ‘The great danger of withholding adequate treat- 
ment in this group of cases until irreversible changes occur is well 
shown by these individual clinical experiences. The lesson must 
be thoroughly learned that energetic treatment is necessary as soon 
after the inception of this pathologic process as is possible, when 
the lesion is limited to the gall bladder and biliary tract environ- 
ment in order to obviate any possibility of the occurrence of any 
of the severe and dangerous manifestations which occur in the 
further biologic development of this disease and in order to eliminate 
the extra hazard which the presence of important cardiac and other 
associated lesions carry. The most important objects to be accom- 
plished by surgery are: 1, the thorough removal of any focus of 
infection; and 2, the thorough removal of any obstruction to the 
unhindered outflow of bile into the intestine. 
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AGNOGENIC CONGENITAL CLUBBING OF THE FINGERS 
AND TOES. 


By H. B. THomas, M.D., 


CHIEF OF METABOLIC CLINIC, YORK HOSPITAL, YORK, PA. 


CLUBBING of the fingers and toes has been recognized since the 
time of Hippocrates as a manifestation of certain forms of intra- 
thoracic disease. In 1889 von Bamberger! described the general 
thickening and sclerosis of the long bones which is frequently 
associated with clubbing. The following year Marie*® unaware of 
Bamberger’s work gave a full description of this syndrome and 
suggested the name “secondary hypertrophic pulmonary osteo- 
arthropathy.”’ Since that time there have been numerous studies 
and case reports most notably those of Locke? in 1915 and 1920 in 
which the literature was reviewed and brought up to date. There 
has been little information added up to the present time, except 
the term ‘“acropachy” (thick extremity) has been suggested to 
designate the clubbing of the fingers and toes. 

Ilvpertrophic osteo-arthropathy may be defined as a disease, 
usually secondary, occurring in the course of various chronic con- 
ditions, characterized by a general and symmetrical hypertrophy of 
the distal phalanges with resulting clubbing (acropachy), frequently 
accompanied by enlargement of some of the other bones in the hands 
and feet or by hypertrophy of the bones of the forearm and legs, 
and in the late stages, by involvement of the joints. Clubbing may 
be present without any bone changes and in some cases well marked 
osteo-arthropathy occurs without the characteristic clubbing. ‘These 
variations have aroused a great deal of controversy whether or not 
these two conditions were related or independent but the evidence 
seems to favor the opinion that the two conditions are identical and 
part of the same disease process. 

Three clinical types of the disease have been described by Stern- 
berg:"! 1, clubbing of the fingers and toes without changes in the 
long bones; 2, a combination of clubbing and painful thickening of 
the long bones, especially in the forearms and legs as described by 
von Bamberger; and, 3, an advanced stage in which there is con- 
spicuous general and painful deformity and the primary disease is 
overshadowed by the severity of the osteo-arthropathy originally 
described by Marie. 
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It is well recognized that the changes in the digits and skeleton 
are nearly always secondary to some primary disease in the lungs, 
heart, liver or some other part of the body, suppurative pulmonary 
disease being most frequently the cause. This secondary form of the 
disease is well recognized but the mechanism of production of the 
changes is not known as vet. In certain rare instances clubbing of 
the digits with or without bone changes occurs in individuals in 
whom no apparent cause can be found by any clinical or laboratory 
methods. Some of these eases are familial and some congenital. 


Fig. 1 Hand showing marked clubbing. 


Witherspoon in 1936 reviewed the literature on congenital and 
familial clubbing, finding reports of 14 instances in addition to his 
case. In the congenital or familial type there is rarely progression 
from clubbing alone to the hypertrophic osteo-arthropathie type. 
This latter tvpe is quite uncommon as Locke was able to collect only 
5 instances from the literature in 1915; since that time H. M. 
Thomas, Jr.“ has added one following a thyroidectomy, and Hollar 
and Agnor® have reported another in a negro male, aged 21. The 
case reported here is of interest because it portrays an instance in 
which there is clubbing of the digits of unknown cause associated 
with mild periosteal hypertrophy and occasional arthritic pain. This 
feature makes classification difficult; it probably represents mild 
or slowly progressive congenital chronic osteo-arthropathy. 


Case Report. G. E., colored male, aged 22, was admitted to the York 
Hospital November 19, 1940, and discharged November 27, 1940. This 
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patient’s condition was discovered in a routine health examination for 
the selective service. He has had clubbed fingers and toes as long as he ean 
remember and has always enjoyed good health. He has never had any 
serious illnesses or operations except a tonsillectomy in 1926 from which 
he had an uneventful reeovery. In 1935 he was given a routine tuberculin 
test to which he reacted. A Roentgen ray of the chest was taken at that 
time which revealed no lesion. He states that his father has the same con- 
dition but knows definitely that his brother does not; unfortunately, the 
lather resides in another state and cannot be reached. The patient is a 
rather intelligent negro and I believe his observations may be correct. 
There are no other siblings. Family history is otherwise irrelevant. His 
subsequent history is completely normal except occasional pain in each 
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Fig. 2. Clubbed fingers showing absence of spatulation, 


knee after a period of excessive exertion. During his stay in the hospital 
lis temperature, pulse and respiratory rates were normal. Other than the 
marked clubbing of all the fingers and toes the physical examination was 
not remarkable. There was a bulbous enlargement of the finger tips and 
toe tips, double curvature of the nails, and a considerable degree of cyanosis 
of the nail bed. 

Urine examinations were normal. Hematologic studies were normal 
with the exception of a mild degree of anemia, the Hb, being 13 gm. and 
the R.B.C. 4.1 million. The blood Kahn text was negative. Electro- 
cardiographic tracings were normal. The procholon time was 14 see., 
the ether time 6 see., and the venous pressure was 15 em. of water. 

Roentgen studies of the sinuses and chest were not remarkable. Lipiodol 
injection into the tracheobronchial tree revealed no abnormalities; the long 
bones were normal except mild periosteal thickening of each tibia. 


\ 
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Etiology. ‘The theories concerning the production of secondary 
clubbing are numerous and exceedingly diverse, ranging from 
capillary hyperemia, defective oxygenation, circulating toxins, 
certain nervous diseases, syphilis, tuberculosis, avitaminosis to 
amyloid degeneration. No one mechanism is able to explain the 
changes without serious objection. It is not hard to understand 


Fic. 3.—Bones of the leg showing a mild degree of periosteal hypertrophy 


that the method of production of primary or congenital clubbing is 
even more indefinite and hazy than the secondary form. At the 
present time there is no adequate explanation for the production 
of either form. 

The gross appearance of clubbing is easily recognized and needs 
no further description. However, there has been no general agree- 
ment of the microscopic findings in the few cases studied. Campbell® 
states that there is an edematous condition of the tissues lving 
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between the nail bed and the bone. Freytag‘ reported dilatation 
of the capillary loops in the bed with engorgement of the inter- 
papillary processes, but found no alteration in the skin, nerve 
changes or endarteritis obliterans. Therese! noted hypertrophy 
of the horny layer, papillae and the connective tissue of the derma. 
Buzzard* noted an excess of subcutaneous fat, Schirmer’? found a 
tissue resembling embryonic mucoid and Thomas" reported marked 
dilatation of the venous and marked tortuosity of the arterial 
capillaries of the nail bed. 


bic. 4.— Bones of the forearm showing a very slight periosteal hypertrophy. 


As the change in simple clubbing of the digits is usually con- 
fined to the soft parts there are no changes in a Roentgen examina- 
tion of the digits in most cases. In a few cases there has been 
definite proliferation of the bone in the distal phalanges and Ragins 
and Freilich® Kayne,® and Witherspoon have reported a definite 
splaying of the distal phalanges in the familial type of clubbing. 
When there are changes of the long bones the hypertrophy of the 
bones in the terminal digits is more common. 

Summary. 1. A case is reported of clubbing of the digits of 
unknown etiology—probably congenital and familial. 

2. This instance represents a border-line situation between acro- 
pachy and chronic osteo-arthropathy. 
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THE STANDARDIZATION OF THE CONGO RED TEST FOR 
AMYLOIDOSIS. 


By Apert Taran, B.A., 
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ALBERT EcKsTEIN, M.D., 
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From the Department of Pathology, Sea View Hospital, Dr. Osear Auerbach 
Director 


THe Congo red test has been used very extensively during the past 
few vears to determine the presence of amyloidosis, especially in 
those patients who have been suffering from chronic pulmonary 
tuberculosis. At this hospital 22°% of the cases which have come 
to autopsy revealed amyloidosis. 

The test in the great majority of cases has proved very useful as 
a diagnostic procedure, although in many instances we have found 
it to be inadequate. The discrepancies occurred in those cases 
where the blood serum removed 4 minutes after the intravenous 
injection of Congo red was either too light or too dark in color, thus 
rendering the specimen inadequate for use as a standard for colori- 
metric comparison with the blood serum removed one hour after 
injection. 

An attempt was made to investigate the reasons for such dis- 
crepancies and to arrive at a standard and uniform test. 

It was found that in all cases where the greatest variations in color 
intensity occurred the body weights of the patients were either much 
greater or much less than 100 pounds. The 4-minute specimens were 
too light in color when the body weights ranged between 140 and 
19) pounds. Conversely, when the body weights ranged between 
10 and 70 pounds, the 4-minute specimens showed a strong color 
intensity. 
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‘The obvious factor involved then seemed to be the relationship 
between the amount of dye used and the body weight. In most 
institutions 10 cc. of a 1% solution of the dye are given to all 
patients regardless of body weight (according to Bennhold).' 

Keith, Rowntree and Geraghty,’ in determining blood volume 
with vital red, injected 1 ce. of a 1°% solution of the dye per 5 kilos 
of body weight. 

Osgood and Haskins,® in giving the method for the Congo red 
test for amyloidosis, quote the procedure of Keith, Rowntree and 
Geraghty as modified by Harris, for the estimation of blood volume. 
They state that one-fourth the body weight in kilos of a 1.5% 
solution of Congo red should be injected. This appears to be the 
first attempt at a standardization of the test for amyloidosis, since 
it takes into consideration both the blood volume and the body 
weight. 

We have found at this hospital that the injection of 1 ce. of a 
1, aqueous solution of the dye per 10 pounds of body weight gave 
standard specimens which closely approximated each other in 
color intensity and which could be used for colorimetric determina- 
tions. Any greater amount of dye, when used expressly as a test 
for the presence of amyloidosis, seems superfluous. 

The standardized test given here includes a modification of the 
original Bennhold technique in the treatment of the blood prior 
to colorimetric comparison. This is the acetone extraction procedure 
devised by one of us* to eliminate any hemoglobin which might be 
present due to hemolysis. 

Method. Inject 1 ec. of a 1°; aqueous solution of Congo red per 
10 pounds of body weight intravenously. At the end of exactly 4 minutes, 
and then 1 hour, after the injection, obtain blood specimens of 10 ce. each 
and place them into clean, dry test tubes. Allow the bloods to clot and 
retract and then centrifuge them at a moderate speed for 10 minutes. 
\spirate off the clear sera and place them into graduated centrifuge tubes. 
Add acetone equal to the volume of serum in each tube and shake them well. 
Centrifuge the tubes for 10 minutes at a moderate speed. Pour off the super- 
natant fluids and place them into micro cups of a colorimeter to be com- 
pared. Set the 4-minute specimen at 20 mm. and read the 1-hour specimen. 

Calculation: 


Reading of 4-minute specimen — 


100 ~ 100 = per cent absorption 


Reading of 1 hour specimen 

lor example: The 4-minute specimen is set at 20 mm. in the colorimeter. 
The l-hour specimen reads 25. Therefore the per cent absorption of the 
dye is 20, 

To prove the advantage of the standard test over the usual tech- 
nique of using 10 ce. of dye for all patients, we performed a series of 
tests using known amyloid and non-amyloid cases. In one series 
of the non-amyloid group we performed tests with patients whose 
body weights varied greatly, each receiving 10 cc. of dye. As 
shown in Table 1 the 4-minute specimens varied markedly, the 
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difference between them ranging from 15 to 75°. In some instances, 
the 4-minute specimens were practically devoid of dye, making 
comparisons with the l-hour specimens impossible. These cases 
tvpify the results obtained in a large hospital where many Congo 
red tests are performed and where 10 cc. of dye are injected into all 
patients. 


TABLE 1 Non-amytow Group (50-175 Pounps 10 Ce. 
Comparisons between 
4-min. specimens of dif 
ferent Congo red tests 
Suitability of hosen at random 
Body dye absorption in hr., 4-min. speci 

weight ising 4-min. specimen as men as stand % 

(ase pounds standard.* ard (last 
l 76 55 Too dark lve. 2 15 
2 51.5 20 loo dark lrs. 3 By 
3 53 50 Too light 2vs. 5 60 
i 170 No comparison possible Too light 5vs. 6 70 
5 140 55 Too light Svs. 7 75 
6 59.5 25 Too dark 2rs. 3 iS 
7 63.8 30 Too dark Svs. 10 10 
S SO 10 Too dark l vs. 10 65 
i) 167.8 No comparison possible Too light 2 vs. 10 60 
10 147 60 Too light 7 vs. 10 55 
11 (4.5 25 Too dark Ll vs. 14 60 
12 51.8 20 Too dark ll vs. 12 20 
13 162 No comparison possible Too light 12 rs. 14 55 
14 142.5 60 Too light 10 vs. 11 O65 
15 171 No comparison possible Too light Svs. 14 5 
16 59 15 Too dark 16 vs. 17 72 
17 142 60 Too light 16 vs. 19 10 
1S 163 No comparison possible Too light 17 va. 19 5S 
19 51 20 Too dark 17 va. 20 “oo 
2) 60 25 Too dark 19 vs. 20 20 
1 152 70 Too light 20 va. 21 55 
Too dark 21 vs. 22 
23 70.5 35 Too dark 21 vas. 23 55 
24 147.5 65 Too light 23 va. 24 70 
25 155.5 60 Too light 24 vs. 25 22 


* 4-min. specimen represents zero absorption 


Another group of non-amyloid patients was chosen with nearly the 
same body weights. Each of these patients received 10 cc. of dye. 
In this group all 4-minute specimens were satisfactory as standards 
and no marked deviations in them were found. The 4-minute 
specimens varied between 2 and 12%. The results of these tests can 
be seen in Table 2. 

Not only did 4-minute specimens of patients whose body weights 
were In the vicinity of 100 pounds check closely, but also those of 
patients of greatly varving body weights, when they were given 
| ec. of dye per 10° pounds of body weight. 

A group of amyloid patients was given injections of the dye 
according to the standard method outlined above. The criteria 
for the presence of amyloidosis in this group consisted of previous 
Congo red tests, which gave results ranging from 90 to 100% 
absorption, and clinical manifestations. These latter included en- 
larged, palpable livers and spleens and varying degrees of albumin- 
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uria. In previous works Lipstein and Auerbach® Lipstein‘ 
have demonstrated the close correlation between the Congo red 
tests and clinical and postmortem findings. With few exceptions, 
amyloidosis was found to be present in greater or lesser degree in 
all cases having dye absorptions between 90 and 100%. 

TABLE 2.—-Non-amyLoww Group (95-105 Pounps)—10 Cc. Dye. 


Comparisons between 4 


oy/ dye absorp- minh, specimens of differ 
tion in 1 hr., Suitability of ent Congo red tests 
uUsIng 4-min 4-min. speci- chose nat random 
Body weight specimen as men as stand- 
potutids) standard.* ard % vari 
(uses ation 
60 1+ lvs. 2 
4 05.5 75 1+ 2rs. 3 = 10 
104.8 50 34 4 = 
99.5 10 14 irs. 5 = 12 
102 34+ les. 5 = 5 
102.8 30 1+ ava. 6 = 2 
1045 10 34 7 = 6 
Os 5 50 14 7 rs S = 
10008 35 1+ Svs. = 3 
10 05 5 5D 1+ 10 = 
11 OS 25 1+ 10 vs. 11 = S 
12 B5 i+ 11 vs. 12 = 3 
Ls 101.5 15 1+ 12 vs. 13 = 5 
l4 103 50 3+ l3vs.14 = 10 
5 1+ l4 rs. 15 = 10 
It) OS 3 35 1+ 15 vs. 16 = 10 
17 101 3 30 1+ 15 vs. 17 6 
IS 104 35 1+ li vs. IS = 5 
5 1 1+ 17 vs. 19 = 5 
20) 102.3 55 1+ 19 vs. 20 - Ss 
21 97.3 50 14 20) vs. 21 = 10 
22 100.3 10) ++ 21 vs. 22 = 12 
23 1OL 5 35 i+ 22 va. 23 10 
24 104.3 5 34+ 2:3 va. 24 = 10 
25 102.3 55 1+ 24 vs. 25 = Ss 
i very good 4-min. specimen; 3+ = good 4-min. specimen. 


i-min, specimen represents zero absorption. 


ln this group, which consisted of 42 cases, we again obtained 
values ranging from 90 to 100% absorption. The absorption in the 
majority of cases was 100%. No case was considered as 100% 
absorption unless the 4-minute specimen showed a good color 
intensity comparable to that obtained in the non-amyloid group. 

The 4-minute specimens were satisfactory as standards with the 
exception of 11 cases. In each of these cases the 4-minute specimen 
Was too light in color to be relied upon as a standard even though 
the dye was given in proportion to body weight. This led us to 
investigate the 11 cases further in order to obtain a standard test 
which would be as free from error as possible in the diagnosis of 
amy loidosis. 

After a period of several months Congo red tests were repeated on 
the 11 cases in addition to most of the other amyloid cases (24) and 
on 60 additional non-amyloid cases. We adopted the procedure of 
obtaining three blood specimens, namely, 2 minutes, 4 minutes and 
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then 1 hour, after the injection of the dye, which was again given 
according to body weight. The reason for taking the additional 
blood specimen (2-minute) was based on our assumption that in the 
presence of widespread amyloidosis practically all of the dve was 
absorbed in less than 4 minutes. 

The results of these experiments attributed to the adoption of our 
final standard test. In all 11 cases, as well as in the other amyloid 
cases, the 4-minute specimens were duplicates of what we had 
obtained previously. The 2-minute specimens, however, showed 
excellent color intensities. This gave us the desired information 
concerning the validity of the test as a diagnostic aid. Whereas 
pre\ iously these tests were reported ius containing an insufficient 
amount of dye, they were now reported as 90 to LOO absorption 
with the assurance that a proper amount of dye was introduced 
into the vein. The differences between the 2-minute and the 
t-minute specimens were marked. In some cases differences of as 
much as 75° were noted. Table 3 serves to illustrate this point. 


TABLE 3 AmyLorp Grourp— UsInG STANDARD TEST 
( mparisor between 2 
% dy ion it min, and 4-min. specimes 
1 hr mit on each patient 

Case pecime ndard.* % varia ! 
l 100 10) 
2 100 25 
3 70 
100 20 
5 100 25 
6 100 55 
7 Oo 75 
8 100 70 
9 OD 60 
10 100 10) 
11 100 25 
12 100 
13 100 
14 100 50 
15 100 15 
16 100 
17 100 70 
18 100 75 
19 100 dD 
20 100 yas 
100 50 
22 100 50 
92 100 
24 15 
25 100 10) 
26 100 15 
27 100 65 
oS 100 55 
29 100 45 
30 100 50 
31 100 60 
32 100 50 
100 5 
34 95 55 
35 100 65 


* 2-min. specimen represents zero absorption. 
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The differences between the 2-minute and 4-minute specimens in 
the GO non-amyloid cases were not great. Table 4 shows that the 
greatest single difference in this group was 15°, with a mean 
deviation of 8$°%. The per cent of dye absorption of these cases was 
still within normal limits, that is, less than 907. 

The validity of this entire study is borne out by the fact that 21 
of the 42 “amyloid” cases have since come to autopsy and each 
revealed amyloidosis of greater or lesser degree. Also, of the total 
number of non-amyloid cases under study (110), 20 cases have come 
to autopsy and only one revealed a moderate degree of amyloidosis. 
The Congo red test on this case was performed 43 months prior to 
death and vielded an absorption of 656%. It is entirely probable 
that amyloidosis had developed during this interim. 

We concluded that the 4-minute specimen was inadequate as a 
standard where widespread amyloidosis was present. In its place 
we introduced the 2-minute specimen to serve as a standard for 
colorimetric comparison. In the case of complete absorption of the 
dye in the l-hour period the 2-minute specimen serves as a standard, 
not from the point of view of comparison with the |-hour specimen 
(which is devoid of dve), but to demonstrate to the clinician that a 
sufficient amount of dve was originally introduced into the vein. 
Since there were only slight differences between the 2-minute and 
the 4-minute specimens in normal subjects it does not matter ma- 
terially that the 2-minute specimen is made a standard for colori- 
metric Comparison. 

Since the standard test described necessitates a larger amount of 
dye than most frequently used, it may be of interest here to mention 
a word about the toxicity of the dve. Richardson and Dillon’ have 
recently studied the toxic effects of intravenous injections of 
Congo red in animals and have found a high tolerance for the dve 
by cats, rabbits, pigeons and rats. They state that “the highest 
tolerated single doses in mgs. per kilo body weight were as follows; 
pigeons, LOO; rats, 140; rabbits, 200; cats, 100." This demonstrates 
the wide margin of safety in using the dye intravenously. 

Summary and Conclusions. |. A standardized method -for the 
( ongo red test for amy loidosis is presented, 

2. The dve is administered according to body weight. It was 
found that 1 ce. of a 1% aqueous solution of the dye per 10 pounds 
of body weight vielded more accurate tests than the fixed amount 
customarily used. 

%. Tests were performed on amyloid and non-amyloid patients, 
using both the usual technique of injecting 10 cc. of dve regardless 
of body weight and the standardized method. 

t. In one non-amyloid group patients were selected whose body 
weights were nearly the same (range between 95 and 105 pounds) 
and in the other those whose body weights varied considerably 
(range between 50 and 175 pounds). The former group showed 
consistently reliable 4-minute specimens, while the latter gave 
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TABLE 4 Non-aAMYLOID Group— USING STANDARD TEST. 
Comparisons between 2 
% dye absorption in m nd 4-min. specimens 
1 hr., using 2-min on each patient 

Case specimen as standard.* % variation 
l 30 5 
2 35 5 
25 
{ 10 10 
5 O65 Ss 
6 50 
7 Dd 
10) 
15 1S 
10 10 
11 65 10 
12 70 6 
13 75 
14 
15 
16 0) 
17 bo 10 
1S 15 10 
10 5 
Au) 
21 bo 
22 60 
23 50 
24 
25 10 
26 10 
27 10 
25 5 
ae) 60 10 
30 
$1] 35 10 
50 
55 
10 
to 2 
bo 1D 
+4 i) 
38 5D 10 
50 10 
40) 
0) 10 
2 
$33 20 
20) 
25 10 
ov) 
65 5 
oo 
oo) 
0 10 
5D 
50 
5D 
65 
60 10 
56 5D 
57 65 
58 70 10 
59 75 12 
60 65 


* 2-min. specimen represents zero absorption. 
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f-ininute specimens which differed by as much as 75%. In some 
cases the per cent absorption could not be computed because of 
insufficient dye in the 4-minute specimens. 

5. In the amyloid group 90 to 100% absorption was a consistent 
finding. This is in so close correlation with previous work that such 
results must be obtained to indicate amyloidosis. In all but 11 cases 
the 4-minute specimens contained sufficient dye to be considered as 
appropriate standards. 

(i. These Il cases were investigated further along with 24 of the 
other amyloid cases and it was found expedient to draw a 2-minute 
specimen in addition to the 4-minute and 1-hour specimens. A 
group of 60 non-amyloid cases was chosen as controls. In all of the 
amyloid cases, the 2-minute specimens showed good color intensity 
and the differences in color between them and the 4-minute speci- 
mens were marked (as high as 75°). There were only slight differ- 
ences in color intensity between the 2-minute and 4-minute specimens 
in the non-amyloid group, the highest per cent variation being 15. 

7. The 2-minute specimen was adopted as the colorimetric stand- 
ard in place of the 4-minute specimen. 

S. Since the inception of this study 21 of the 42 amyloid patients 
have come to awutopsy and each revealed amyloidosis of greater or 
lesser degree. ‘Twenty of the non-amyloid patients have come to 
autopsy and only one case revealed a moderate degree of amy- 
loidosis. 

9. The standardized method has improved the accuracy and re- 
liability of the test as a diagnostic aid. 
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\MoNnG tests of kidney function the urea clearance of Moller, 

MeIntosh and Van Slyke" holds a deservedly popular place. Its 
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precision in borderline cases, however, Is Impaired by a number of 
factors, aside from the state of the kidneys, which have been reported 
to effect its values. The influence of two of these, the previous 
diet, and meals, are the subject of this study. 

In dogs, Shannon, Jolliffe, and Smith" found the fasting urea 
clearance on a meat diet to be as much as double that on a cracker 
diet. Pitts'® found that a low protein meal had little effect, while 
meat produced a gradual and prolonged rise in clearances, whether 
the dogs had been on a basal or meat diet. Glycine, lglyvcine 
and alanine had an effect similar to meat. Since the clearances 
were also increased by injection of thyroxin or phloridzin, Pitts 
concluded that protein metabolism as such, whether endogenous or 
exogenous, Is responsible for the increase in renal function. Because 
the urea xvlose clearance ratio remained quite constant, the effect 
is better explained by an increased renal blood flow rather than by 
any change in the mechanism of urea excretion. Van Slyke, Rhoads, 
Helle rs and Alving'® reached the same conclusion, and noted that 
administration of urea gave no change in the clearance 

In normal man,’ the changes are not so great as in the dog, 
clearances on low protein diets being usually about 30°; less than 
those on more liberal protein intakes. But the change in clearance 
does not seem to be proportional] to .the protein intake, for the 
reduction was no greater on a 9- than on a 40-gm. protein diet, 
and ingestion of 280 gm. daily did not raise it above the level found 
on a 1O00-gm. diet. 

Because of the probable effect of meals, it is usually customary to 
determine the urea clearance in the fasting state. Tlowever, 
Machay® showed that an ordinary breakfast had no effect on the 
standard clearance. If the same holds true for maximum clearance 
it would simplify the technique of the test. 

The present experiments aimed to determine whether the urea 
clearance was proportional to the protein intake, or whether there 
Was a critical intake at which it increased, and whether this corre- 
sponded with any change in basal metabolic rate or cardiac output. 
In addition, observations have been made of the effect of large and 
small meals on maximum clearance with both low and high protein 
diets. 

Methods. All determinations were made in duplicate Urine urea 
nitrogen was determined by the manometric urease method of Van Slyke 
Whole blood urea nitrogen was estimated by the hypobromite method of 
Van Slyke and Kugel'* or by the aération and titration method of Cullen 
ind Van Slyke.” Because the hypobromite method yields only 95°, of 
the urea nitrogen and a variable amount from amino-acids, necessitating 
the use of an empirical correction, its reliability for low values seemed 
questionable. A series of determinations was therefore carried out by bot! 
methods on the same samples. The average difference in the two methods 
in 15 determinations on bloods containing 3 to 9 mg. urea nitrogen per 
100 ee. was 0.36 mg. per 100 cc. There was no systematic difference; in 
9 instances the hypobromite method gave the higher value, in 4 the lower. 


> 
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ln S comparisons on bloods containing above 10 mg. urea nitrogen per LOO ce. 
the average difference was 0.23 mg. per LOO ce. On the basis of this com- 
parison, it was decided that the hypobromite method, even in the low range, 
gave results sufficiently accurate for the purpose of this study. The length 
of urine collection periods was usually 1 hour; with high urine flows ocea- 
sionally 45 or 30 minutes. When there was any doubt concerning the 
ability to empty the bladder, the patient was catheterized. Except in 
studying the effect of meals, collections were made at an approximately 
constant diuresis or on a falling curve, and under basal conditions. 

Inulin was determined in plasma and urine by the method of Corcoran 
ud Page. Cardiac output was estimated from intra-arterial pressure 
curves and pulse wave velocities by Bazett’s? method. Total urine nitrogen 
vas determined by micro-Kjeldahl. 


Subject L, age 28, was observed on diets containing 0.3, 0.6, 0.9, 
1.2. 1.5, 1S, 2.4, 2.7 and 3.8 gm. of protein per kilo which furnished 
from 19 to 240 gm. of protein. The total caloric intake was kept 
approximately constant. Sufficient time was allowed on each diet 
for the establishment of nitrogen equilibrium, as indicated by total 
urinary nitrogen, before clearances were determined. Four to nine 
Inaximum clearances, each of § hour, were obtained under basal 
conditions. Blood was drawn at the beginning and end of the col- 
lections, and interpolated values used in the calculations. Estima- 
tions of the basal metabolic rate were made at each level of protein 
intake, of cardiac output on alternate diets, and of inulin clearance 
on the lowest and highest protein intake (see Table 1). 


Tapee | CHANGES IN Maximum Urea CLEARANCE, Basat METABOLISM, AND 
Carpiac Wirn Dietary PROTEIN. 


Subject L., age 28, height 163 em., weight 64 kg 


Mean Mean 
| Mean fast- max. urea inulin Urinary Cardiac 
ing B.l J clearance clearance, nitrogen B.M.R output 
Potal me. 100 ex ec./min ec./min. gm./24 hrs 
19 1.0 123 3.6 14* 3.21 
OG 6.1 603.9 5.7 21 
5S 10.5 61.2 13 
77 10.1 6308 12.1 1S 
1.5 O68 12.6 71.8 14.0 15 3.36 
1.8 115 12.9 68.6 17.3 17 
2.4 150 iz 78.3 144 22.5 13 2.68 
2.7 1S6 19.0 76.5 27.7 
wa 230 17.9 77.0 35.3 1S 
In spite of the persistently low basal metabolic rate, the subject showed no clini- 
cal or other laboratory evidence of hypothyroidism. 


While there was cousiderable variation in the individual clear- 
ances, the mean clearance on each diet shows a significant correlation 
with the protein intake. There was no detectable change in basal 
metabolic rate, nor in basal cardiac output. Inulin clearance, 
assumed to represent the volume of glomerular filtrate, was some- 
what greater on the higher protein diet. The urea inulin clearance 
ratio was not significantly changed, being 0.45 on the low protein 
diet and 0.52 on the high. 
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Chart l shows a progressive increase in mean clearance from the 
lowest protein diet up to one containing about 100 gm. of protein 
Diets containing more protein did not give any further increase in 
clearance. There is enough variation in the individual clearance 
periods to make the difference in means between on any two adja- 
cent diets not statistically significant, nor is the difference between 
the mean on the 0.6 and 1.5 gm. per kilo diets significant. The 
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CHART 1 Relation between dietary protein and mean fasting maximum urea clear 


ince in Subject I 


difference between the mean clearance on the 0.3- and on the 1.5-gm. 
diets, 12.99 + 3.79 ce. is significant according to Fisher’s® test for t 
as well as the difference between the 0.6- and 2.4-gm. diets (11.50 
1.04). Taking all the points on the ascending part of the curve 
(0.3 to 2.1 gi. kg.) the correlation coefficient between protein intake 
and mean clearance is 0.860. 

Similar, but less complete, studies were made on another subject, 
B, age 16, weight 64.4 kilo. On a diet containing 20 gm. protein 
(or 0.3 gm. kilo) his mean basal maximum urea clearance was 
57.33 cc. per minute with a blood urea nitrogen of 5 mg. per 100 ce., 
while on a diet containing 40 gm. protein, or 0.6 gm. per kilo, his 
blood urea nitrogen rose to 7.5 mg. per 100 cc. and his mean clear- 
ance to 65.82 cc. per minute. The difference, S49 + 3.38, is sig- 
nificant. In this subject, however, there was no further rise in 
clearances on a diet of 100 gm. or 1.5 gm. per kilo. This, however, 
is open to question for although he had been on the diet for 12 days, 
he was still not in nitrogen equilibrium. Mean inulin clearance 
rose significantly from 105 cc. per minute on the low diet to 130 ce. 
on the highest, while the urea/inulin ratio remained unchanged 
(0.54 and 0.49). As in the first subject, there was no increase in 
estimated basal metabolic rate or cardiac output. 
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These data raise two questions: what is the explanation of the 
increasing clearance with diets from 19 to 100 gm. of protein; and 
why does the clearance not continue to rise with higher diets? 

The data on dogs are consistent with the belief that the increased 
clearances may be attributed to an increased renal bloodflow. The 
increased inulin clearance in these subjects are consistent with the 
same interpretation, provided the inulin extraction ratio remained 
constant. But since there was no measurable change in cardiac 
output or basal metabolism, the increased renal bloodflow may have 
been brought about by intrarenal vascular adjustments rather than 
by an increase in cardiac output. Some such mechanism is also 
suggested by the difference between the changes in clearance due to 
diet and those due to hyperthyroidism. Two patients with hyper- 
thyroidism were studied before treatment and after recovery from 
thyroidectomy. In both, basal metabolic rate, cardiac output, and 
inulin and urea clearances fell after operation, but the fraction of 
the cardiac output represented by the inulin clearance was un- 
changed. ‘The level of blood urea nitrogen in | patient was 7.6 mg. 
per 100 cc. before and 4.4 mg. per 100 ce. after operation, in the 
other 14.9 and 12.7. Both patients were receiving a diet contain- 
ing 100 gm. protein when the clearances were determined. That is, 
in hyperthyroidism, the increased renal blood flow and clearances 
apparently are a reflection of the increased metabolism and cardiac 
output, while in normal subjects changes in metabolic rate and 
cardiac output could not be detected with alterations in diet. For 
while in a normal subject protein overfeeding for a number of days 
causes a cumulative increase in the specific dynamic action of pro- 
tein, the effect lasts only so long as the food is being absorbed, and 
does not give an increase in the fasting metabolic rate.” Since 
these increased clearances were observed under basal conditions, 
they cannot be attributed to increased metabolism from the previous 
day's protein intake. Nor can the increased clearance on high pro- 
tein diets be attributed to the elevated blood urea nitrogen. Mller, 
MeIntosh, and Van Slyke," and others have shown that raising the 
blood urea nitrogen from the normal range of 10 to 16 mg. per 
100 ces to two or three times as much by feeding urea had no effect 
on the clearance value. Cope,’ however, pointed out that to obtain 
by urea administration the same blood changes that are produced 
by low and high protein diets, it would be necessary to administer 
urea to a subject in nitrogen equilibrium on a low protein diet. 
Data of Fowwether® suggested that under such conditions urea 
tself might be responsible for an increase in clearance. However, 
n Subject B while in nitrogen balance on a diet containing 19 gm. 
of protein with a fasting blood urea nitrogen of 6.2 mg. per 100 ce. 
neither the ingestion of 30 gm. of urea, which raised the blood level 
to 30.4, nor of 5 gm. every 4 hours for 2 days led to any increase in 
the maximum urea clearance. This seems to complete the evidence 
igainst urea. 
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The suggestion of Pitts! supported by the earlier work of Addis 
and Drury,' that the effect is due In some way to the amino-acids, 
remains. But the data give no hint whether this is mediated 
through renal vasodilatation, perchance more marked on the afferent 
glomerular arteriole, or by some other means. The constancy of 
the urea inulin clearance ratio would seem to make any change in 
the reabsorption of urea unlikely. 

With increasing protein diet, there is an increase in the fasting 
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level of blood urea nitrogen (Chart 2 This also ts progressive up 
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CHART 2 Relation between dietary protein and tasting 0 ea nitrogen in sul 


jects in nitrogen equilibrium Crosses from dat | Goldring et a 


to about 2.8 gm. of protein per kilo, and then flattens out. This 
diet is also about that at which clearances stop increasing. Pro- 
gressive retention ona high protein diet is prey ented by increasing 
24-hour urine volume rather than by increase in clearances. When 
allowed water as desired, Subject I, (a notorious water drinker) had 
a 24-hour urine volume of 2000 to 2400 ce. on diets below 60 gm 

protein, while it averaged 3920 cc. on a 114-gm. diet and over 
1700 cc. on the highest diets. Two other subjects allowed water 
as desired had average urine volumes of 945 and 692 ce. per day 

on a diet containing 20 gm. of protein and 1690 and 1330 ce. on 
diets containing 100 gm. of protein. Price, Miller, and Hayman" 
also found consistent, higher urine volumes on high protein diets. 
The effect of diuresis on nitrogen elimination, howe er, is not simple. 
The older literature quoted by Marshall’ indicates an increased 
nitrogen elimination with diuresis, but it is well known that a sub- 
ject in nitrogen equilibrium on low or moderately high protein 
diets excretes a constant amount of nitrogen in widely varying 
24-hour volumes. The answer would seem to he in) the fraction 
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of the 24 hours in which urine volume is above the augmentation 
limit. With a constant blood urea nitrogen an increase in urine 
volume to the augmentation limit increases urea excretion. Further 
increase has little or no effect, but an increase in the number of 
hours during which urea is excreted at a maximum rate increases 
the urea eliminated per day. This is born out by the fall in blood 
urea nitrogen during a series of clearances while fasting, in spite of 
the fact that the value of the clearance itself does not change. 


Tanne 2. CHaNnces IN Fasting Maximum Urea CLEARANCE WitH Moperatt 
ALTERATION IN PROTEIN INTAKE 
Mean Mean Me in Me il 
Ht Proteiu B.U.N clearance Protein B.U.N., clearance 
Wt gm me. LOO ec,/min, gm mg./ LOO ec./min 
1) 173.5 10) 6.7 51.4 100 14.9 60.5 
M 50 9.9 71.1 110 14.40 81.3 
172.0 50 5 130 15.7 S603 
77.0 
B 171.0 10 7.9 100 10 1 63.3 
65 4 
ISL.O 20 10 93.5 150 10.2 111.1 
Met 177.5 65 0 150 13.8 76.7 
61.2 


Six additional subjects have also been studied on two diets: in 
i, the low protein diet contained 40 to 50 gm., while in the other 2, 
it was reduced to 20 and 30 gm. The mean blood urea nitrogen and 
clearances of these subjects are shown in Table 2. The first 4 had 
fasting blood urea nitrogens above 6 mg. per 100 cc. on the low 
protein diet, and while the mean clearances on the high diets are 
elevated, in none of the 4 is the difference significant. The other 
2 subjects had fasting blood urea nitrogens of 4 and 4.1 mg. per 
100 ce. on diets of 20 and 30 gm. of protein, and showed a significant 
nerease in clearance on 150-gm. protein diets. It would seem that 
while man, like the dog, shows a decreased urea clearance on low 
protein diets, that this only becomes significant when the protein 
utake is markedly restricted, and that variations in protein intake 
of ordinary diets, from 40 gm. up, need not be considered in deter- 
mining the urea clearance as a test of kidney function. Cope,’ 
however, found that such changes in diet did make a difference in 
the standard clearance in nephritic subjects. 

Chart 2 shows the relation between fasting blood urea nitrogen 
ind protein intake in our data and that of Goldring, Razinsky, 
Greenblatt, and Cohen.** In normal subjects the fasting blood 
irea nitrogen furnishes a fairly reliable index of the level of protein 
inetabolism over the usual range of diet. Variations in diet are 
probably an important factor in the wide spread usually given for 


Goldring kindly furnished the weights of his subjects and has allowed us to 


his data 
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the “normal” blood urea nitrogen. Since this does not fall below 
(mg. per 100 ce. as a rule until the protein intake is below 0.6 gm. 
per kilo or about 40 gm., the possibility that low maximum clear- 
ances are due to a low protein intake can probably he disregarded 
if the fasting blood urea nitrogen is 6 mg. per 100 ce. or above. 

The effects of meals on maximum clearances in subjects on low 
and high protein diets are shown in Table 3. On each diet, the 
subjects were given meals corresponding to that diet. On a 40-gm. 
diet, B’s mean clearance averages slightly higher with meals, but 
the difference is not significant (P O.8S. LP is the probability 
that a difference between the means as great as or greater than that 
observed would not be obtained by the operation of chance alone). 
With the higher protein diets both B and L showed a significantly 
higher mean clearance with meals (I 0.999 and >0.999), 
Other data on 3 individuals observed throughout the day with 
meals corresponding to 40- and 100-gm. diets also showed increases 
after meals, more marked as would be expected when larger amounts 
of protein were ingested. It was frequently noted that in spite of 
a constant fluid intake the urine volume diminished immediately 
after a meal, so that “standard” rather than “ maximum” clearances 
were obtained. This probably reflects diversion of blood to the 
intestinal tract during the process of digestion with consequent 
diminution in renal blood flow. The variability of a series of clear- 
ances without meals, however, is just as great as when the subject 
is fed. The average coefhicient of variation for clearances with 
meals was 11.4°% and 9.5% fasting. Considering all our data, it 
seems likely that a meal containing 10 gm. or less of protein will not 
significantly affect the maximum urea clearance. 

The effect of larger protein meals on maximum urea clearance 
contrasts with Machay’s® findings that meals are without effect on 
the “standard” clearance. MachKay’s conclusion, however, was 
based on variations throughout the day in 4 subjects who received 
meals, without equal periods of observation fasting, and on 1 normal 
subject observed from 8 to 10 a.m. on 3 days with and 3 days with- 
out breakfast. No data are given on the amount of protein taken 
by this subject. 

Table 4 shows the effect of a single large protein meal (114 and 
109 gm.) on the clearances when the subject had been on low and 
high protein diets. On the low diet, there is little change for 6 hours 
and then a sudden sharp rise during the last two periods of observa- 
tion. The clearances remained low while the blood urea nitrogen 
Was rising, and did not rise until after it had begun to fall. On the 
higher diet, there was an immediate and progressive rise for a period 
of 6 hours. During all this time, the blood urea nitrogen was rising. 
These increases’ in clearances may probably be attributed to the 
specific dynamic action of the protein and the accompanying in- 
crease in metabolic rate and cardiac output, so that the increase is 
similar to that found in hyperthyroidism rather than to the change 
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Subject B, height 171 em., weight 65.4 kg., 200 ce. HO per hour. 


10 gm. diet 


with meals; 


13 gm. protein at 
10 gm. diet fasting 8S a.M., 12, 5 p.m. 
Urine Blood Clear Urine Blood Clear 
vol urea N ance® vol urea N ance 
min. mg./lOO ec. ce./min Pine ec. LOO ce ec./min 
7:31 
6 61 79 6.7 S230 3.60 7.2 62.1 
5.36 7.2 61.7 10:25 9 36 7.2 78.1 
S92 7.6 67.2 11:30 5.57 
5.16 7.5 62.0 12:30 2.47 67.3 
1.33 7.4 67.3 1:30 5.00 7.2 71.6 
1 7 56 62.7 
8.77 7.1 67.9 6.08 67.4 
3.13 57.0 
1.88 7.2 *48 
4.52 106.6 
1 51 7.3 
65.826 = 2.62 71.306 12.73 
lard clearance, not included in averages. 
100 gm. diet with meals; 30 gm. protein at 
100 gm. diet fasting. Sa.mM., 30 at 11:45 a.m., 40 at 5 pom. 
Ov 10.1 72.8 6.3 6 78.6 
10.57 10.1 1.65 y 
7.39 10.1 61.2 3.49 10.1 S13 
7.83 10.1 69.0 4.13 10.4 77.1 
6 80 9.9 61.3 1.43 10.5 
6.14 6.62 10.5 &2.0 
5.67 9.6 58.3 2.30 10.6 82.7 
1.67 9.5 4.0 3.02 10.6 S003 
177 9.3 76.7 4.22 82.8 
2.47 11.8 68 4 
3.02 12.5 
3.38 13.1 69.2 
3.07 13.7 81.0 
63.280 = 8.209 78.73 6 1.908 
lard clearance, not included in averages 
Subject L., height 163 em., weight 64 kg., 300 ce. HeO per hour. 
75 gm. diet with meals; 20 gm. protein at 
75 gm. diet fasting 8:20 a.M., 22 at 12, 33 at 5 p.m. 
6:55 
5.28 9.5 59.4 7:27 S04 11.6 696 
7.59 9.5 69.0 7:53 9 31 11.6 66.9 
7 9.5 62.5 S:20 lost 
6.87 9.5 63.0 S46 34 11.6 73.6 
7 86 10.17 11.6 S600 
40 50.7 O45 10.66 11.6 78.9 
7.30 0.5 66.0 10:15 7.40 11.6 78.2 
7 86 95 71.4 10:45 9 50 11.6 83.8 
» 80 9 5 61.7 11:15 8.23 11.6 78.2 
11:45 7.50 11.6 73.2 
12:28 7.30 11.6 72.4 
1:00 2.13 11.6 62.6 
1:30 3.17 11.6 82.0 
2:00 9.46 11.6 89.9 
2:30 9.94 11.6 86.4 
3:00 8.14 11.6 78.8 
O4.520 = 4.20 77.300 = 6.91 
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in basal clearances found on low and high diets. The lag in cleaé- 
ance Increase on the low protein diet is more consistent with Lusk’'s® 
finding that after a low protein dietsthe specific dvnamic action of 
proteins is disturbed, than with the findings of Strang and MeClu- 
gage’ that the specific dynamic action is unaffected as long as the 
subject is in nitrogen equilibrium. This subject was in nitrogen 
equilibrium on both occasions. 


TABLE 4 EFFECT OF A SINGLE Hicgu Proretn Meat Upon CLEARANCES IN 
Scunsectr | 
evious diet m Previc i From 10°00 
m 4 1 OS 
| ( ( 
B.ULN B.ULN 

l oo | ng oo 
S230 04 OS. 4 J S 790.0 
00 33 0.7 ».2 LOM 1.68 
Os OS in 2 10.2 
30 0 7 7 7 (x is aa 7 

4.10 2. 1¢ 0 oOo 
2-30 1:30 7 ‘2.2 Oo { 
1:30- 2:30 IS 34 4 Oo oo 7.9 02.8 
0 0.17 o4 0.0 74 2.8 


nitrogen equilibrium there is 


Summary. I[n a normal subject u 
a progressive increase in maximum urea clearance when dietary 
protein is increased from 0.3 to 2.4 gm. per kilo but no further 
increase In clearance with greater protein intake. This was not 
accompanied by detectable change in basal metabolic rate or cardiac 
output. The urea inulin clearance ratio was not changed 

Fasting blood urea nitrogen also increases progressively with the 
dietary protein up to about the same level of protein intake, and is 
not further increased by higher protein diets 

The increased clearance on high protein diet Is not due to the ele- 
vated blood urea nitrogen. It is suggested that it may be brought 
about by increased renal blood flow due to intrarenal vascular ad- 
justments mediated through the higher concentration of amino-acids 
on high protein diets. 

Progressive increase in blood urea nitrogen on high protein diets 
is apparently prevented by increased urine output, giving maximum 
clearances for a greater part of the 24 hours. 

The effect of meals on maximum urea clearance varies with the 
amount of protein ingested and with the previous level of nitrogen 
intake. While the mean clearance on a day when meals are eaten 
is higher than when fasting, the variability is just as great and the 
difference not sufficient to require that clearances be determined 
fasting for routine work. 

For the greatest precision, however, maximum urea clearances 
should be determined with the subject fasting, and cognizance taken 
of the previous diet. Since, however, there is little change in 
clearance with diets of 40 gm. protein and above, if the fasting 
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blood urea nitrogen is above 6 mg. per LOO cc. it can be assumed 
that the previous diet has contained enough protein to give maxi- 
mum clearances. 
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BRONCHOPNEUMONIA OF UNKNOWN ETIOLOGY IN A GIRLS’ 
SCHOOL. * 


By Wortrn B. Dantes, M.D)., 


CLINICAT PROFESSOR ©} MEDICINE, GEORGETOWN UNIVERSITY MEDICAL SCHOOL, 
WASHINGTON, D. 


From the Medical Service of the Emergency Hospital. 


luring a 6 weeks’ period from November 25, 1940, to January 7, 
IM41, 13 cases of pneumonia occurred in a girls’ school in northern 
Virginia. The school consists of approximately 90 girls, giving a 
case incidence of 14.46. 

L-pidemiology. The school is situated at some distance from any 
town with but little contact with people from the outside. However, 
on November 14 the entire student body went to a church fair in 
a nearby village; and on November 20, Thanksgiving Day, a general 
homecoming for alumne and friends was held at the school. At 
this time more than 500 people came to the school and in the after- 
noon groups of 12 to 15 girls visited various houses in the neighbor- 
hood. The girls range from 13 to 18 years of age. They live in 
four separate houses according to their class in school. The fourth 
vear students live and eat in a house of their own, } mile from the 
main school. In this group, no person was affected. In addition 
to the student body, there are about SO members of the faculty 
and service force, none of whom contracted the disease. The local 
physicians in this area met with no similar cases in their practices 
outside the school. The girls in the three lower classes eat in a 


* Read before the Medical Society of the District of Columbia, April 16, 1941. 
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common dining room but there are no permanent seating arrange- 
ments. In study hall and assembly girls of all four classes come 
together. All the students sleep on sleeping porches, 2 to 7 on a 
porch. On one porch with 7 girls, 4 of them contracted the disease. 
There is only | instance of room-mates affected. Four cases occurred 
in girls using the same bathrooms. The cases developed in the 
following sequence: November 25, 2 cases; November 27, 1 case; 
November 29, 1 case; December 2, 2 cases; thereafter 1 case on 
December 4,8, 9, 12, 18, 21, and January 7. None of the physicians 
or nurses attending these patients developed the disease. The 
grandmother of Case 7, who visited the patient in the hospital, 
developed pneumonia 11 days later. She was said to have pneu- 
mococeus ‘Type XIV lobar pneumonia with leukocytosis and re- 
covered rapidly after treatment with sulfathiazol, begun on the fifth 
day of this illness. The room-mate of Case 11 developed pneumonia 
in Colorado Springs during the Christmas holidays. Her physician 
has answered none of my letters of inquiry. The school understood 
that the physician called this a pneumococcus pneumonia. We can 
draw no definite conclusions about the incubation period.  llow- 
ever, the sequence in which new cases developed suggested that it 
might range between 7 and 22 days. In the first vear house cases 
occurred on the 19th, 20th and 22d days after Case 1 became 
ill. Case 12 became ill 20 days after leaving school for Christmas. 
While at home she had no contact with any person from the school. 
In the other two houses cases developed from 2 to 19 day s after the 
original case occurred. Kneeland and Smetana® thought that the 
incubation period of their cases was between 2 and 3 weeks. Long- 


cope’s!® cases seem to indicate a similar period of incubation. — It 
seems apparent that this outbreak was due to person to person 
contact, 

Clinical Picture. The onset in this group of cases was, as a rule, 
abrupt. Headache was the presenting symptom in 10 of the 
3 cases. Sore throat was complained of in 11 instances, but within 
{8 hours after onset this symptom cleared. Shortly after onset in 
all instances a characteristic, harsh, non-productive cough developed 
which was frequently paroxysmal. Change in position and ex- 
amination of the chest produced paroxysms of coughing. "Three pa- 
tients complained of chilliness and 1 had an actual shaking chill. 
Substernal tightness and chest soreness were present in a few cases 
but actual chest pain was conspicuously absent. Fever occurred 
early in most cases, mounting to its maximum level of 100° F. to 
105° F. after a few days. It was swinging in type, generally highest 
in the afternoon. In 1 case fever above 99° F. was present for onl) 
| day. The longest febrile period was 14 days, average about 8 days. 
The illness in these girls was definitely mild, except in 1 case where 
significant cyanosis and signs of toxicity occurred. This case, in 
its severity, would fall into Group II of Longeope’s classification.'" 
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There was a complete absence of influenza-like svmptoms preceding 
and during the disease. 

\t the onset, physical examination revealed no abnormality in the 
majority of instances, though occasionally there was a slight injec- 
tion of the pharynx. The pulse and respiration were, as a rule, 
only slightly elevated. Abnormal signs in the chest appeared any- 
where from the third to the tenth day of the illness. At first these 
consisted of a few localized subcrepitant rales, most frequently 
heard in one or the other interscapular region without change of 
percussion note or breath sounds. Gradually impairment of per- 
cussion note developed, associated with suppression of breath sounds 
and an increase in large moist rales. The signs in the majority of 
instances slowly involved the major part of the affected lobe, though 
some cases showed no increase in the original signs. In only 3 pa- 
tients did bronchial breathing develop. Restriction of movement 
of the involved chest on inspiration was striking in 3 individuals 
whose other lung signs were minimal. As the disease terminated, 
diffuse moisture often developed over the entire lobe and in several 
instances rales were numerous over the entire affected side of the 
chest. Clearing of physical signs, particularly dullness, was rapid, 
though a few rales were still audible in all cases on discharge. 

Laboratory Findings. Blood cultures were done in 7 cases and 
none showed any growth. Lack of sputum was striking and made 
examination possible in only 4 cases. Pneumococcus Type XIX 
was found in | case and Type VI in another. However, Micro. 
catarrhalis and Staph. albus and aureus and Strep. viridans were the 
predominant organisms. Blood picture: All cases showed leuko- 
penia or normal counts. The differential counts were normal except 
in 2 instances in which there was a moderate lymphocytosis. The 
leukocyte count was done at frequent intervals but leukocytosis did 
het occur toward the termination of the disease as reported by 
Longeope!® and Murray." 

Roentgen Ray Examination. Roentgen ray films made early in 
the disease may show only slight infiltration in the region of the 
hilus associated with accentuation of the bronchial markings ex- 
tending into one of the lobes. Gradually a definite soft infiltration 
of the lung parenchyma develops. This as a rule does not involve 
the entire lobe nor does it develop the density ordinarily seen in true 
lobar pneumonia. Sometimes this infiltration involves a wedge 
leading to the periphery. In 4 of our cases Roentgen ray films 
showed a spread to another lobe prior to the development of physical 
signs. This spread was usually not accompanied by increase in 
severity of the illness. Clearing of the infiltration took place rapidly 
after the disappearance of fever so that little or no residual shadow 
was left in the film. 

(Complications. uring convalescence | patient developed nausea 
and vomiting with pain in the right lower quadrant simulating 
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acute appendicitis but disappearing in 36 hours. No nervous sys- 
tem symptoms as described by Reimann" occurred in this group. 

Treatment. Four cases were treated with sulfathiazol without 
beneficial effect, so the drug was discontinued. In the other cases 
treatment was purely symptomatic. 

Prognosis. Convalescence in this group was extremely rapid. 
‘There were no deaths. 

Case Reports. Table 1 summarizes the significant findings in the 
None of these patients had heart disease or any other 
chronic illness. The past histories in all these young girls was of 


13 cases. 
no importance in their illness. None had suffered with any disease 
aside from the simpler illnesses of childhood. Case | is reported in 
detail TO give a clear picture of the disease: the other cases are 
re] orted in brief. 
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Case 1.—M.L.8., aged 14, became ill with headache, nasal congestion 
and sore throat associated with fever of 100 The following day an un- 
productive cough developed but the sore throat cleared. While in the 
school infirmary, she ran a swinging temperature ranging from 99° to 103 


hig. 1). On admission to the hospital on the eighth day of the illness 
her temperature was 101°, pulse 120, respirations 36. The patient appeared 
acutely ill and coughed persistently in a queer dry, metallic way. Any 


change of position initiated cough and chest examination produced marked 
paroxysms. There was moderate cyanosis of the lips and nail beds. There 
was a striking lag of the left upper chest on inspiration associated with 
moderate dullness and numerous moist, bubbling rales in this region 
There was slight nasal congestion. No sputum could be obtained for 


| 

| 


DANLELS? BRONCHOPNEUMONTA OF UNKNOWN ETIOLOGY 207 


typing. A Roentgen ray film on the eighth day showed “an area of infil- 
tration on the left side between the level of the second and fourth ribs 
anteriorly” (Fig. 2). Sulfathiazol was given in dosage adequate to produce 
t blood level of 5 mg. per 100 cc. On the eighth day of the illness, pneu- 
mococcus Type VI was obtained from a mouse which had been injected 
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1 Case 1 Graphic record of temperature and lung findings. 


with sputum intraperitoneally. Culture also showed Micro. catarrhalis and 
Staph. albus. On the tenth day of the illness the patient was definitely 
worse and the temperature rose to 103°. At this time impairment of per- 
cussion with scattered subcrepitant rales was noted over the left lower lobe 
posteriorly and distant bronchial breathing had developed over the left 
ipper lobe. A Roentgen ray film showed an extension of the infiltration 


bra. 2. Case 1. Roentgen ray film of chest on eighth day of illness. 


in the left upper lobe and the development of an inflammatory process in 
the left lower lobe (Fig. 3). After 3 days of sulfathiazol, the drug was 
stopped because it had been ineffectual and because on this day 2 other 
students from the school came under my care with the same illness. This 
made me feel that “ Pneumonia-X.” was the cause of the patient’s illness. 
Improvement gradually occurred and the temperature reached normal on 
the fourteenth day of the illness. At this time pneumococcus Type VI 
was again cultured from the sputum. Roentgen ray examination on the 
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eighteenth day showed practically complete clearing (Fig. 4 Moist rales 
were still present over the entire left chest. There were, too, numerous 
sibilant and sonorous rales over the right chest. Convalescence was 
uneventful. 


Fic. 3. Case 1 Roentgen 1 i\ film of chest on tenth day of 


Casz 2.--(Courtesy of Dr. Montgomery Blair M. M., aged 15, 
developed headache, sore throat and fever shortly followed by persistent 
dry cough, often paroxysmal. On the tenth day rales were heard at both 
bases and a Roentgen ray showed a fairly extensive pneumonie infiltration 
involving the right lower lobe, with mild peribronchial infiltration on the 


= 


ig. 4 Case 1 Roentgen rav film of chest on eighteenth day of illnes 


left (Fig. 5). Her illness was mild and by the seventeenth day the chest 
examination and Roentgen ray films showed no abnormality 

Case 3.—(Courtesy of Dr. John Minor.) H.38., aged 17, became sud- 
denly ill with headache, chilliness and fever. Dry cough developed on the 
second day. On the fourth day slight dullness and bronchial breathing 
were found over the right base posteriorly and later numerous moist rales 
were heard, Roentgen ray showed a diffuse opacity over the right lower 
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lobe (Fig. 6), but by the fourteenth day very little infiltration was noted in 
This patient was the room-mate of Case 6 and slept on the porch 


the film 
with Cases 6,9 and 10. She used the same bathroom with Cases 6 and 10. 


big. 5 Case 2 toentgen ray film of chest on tenth day of illness. 

Case 4. (Courtesy of Dr. Homer A. Spitler.) W.M., aged 16, developed 
headache with mild fever, and on the following day, sore throat and dry, 
Late in the disease moist rales were noted over one base 


metallic cough. 
Her illness was mild so that 


posteriorly. No Roentgen ray was made. 
she was not admitted to the hospital, 


Roentgen ray film of chest on fourth day of illness 


Cass 5.—C. D., aged 16, began with headache, malaise and cough. 
Persistent dry, metallic cough with very mild fever continued. When 
first seen on the eleventh day of the disease there was dullness, distant 
breath sounds and moist rales at the right base posteriorly. During con- 
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Fic. 6.—Case 3. |e. 
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valescence she developed right lower quadrant pain and tenderness with 
nausea and vomiting. This eleared in 36 hours. Roentgen ray at this 
time showed nuld peribronchial infiltration on both ~ides 


Fic. 7. Case 6 Roentgen ray film of hest on fifth day of illness 


Case 6.—V. J., aged 16, became suddenly ill with headache, malaise, 
sore throat, cough and fever. Her cough was persistent, dry and metallic 
On the fifth day limitation of motion, dullness and moist rales developed 
over the left lower Jobe. Roentgen ray films showed a slight infiltration 
in the mid-portion of the left chest (Fig. 7). This had completely cleared 


Fic. 8. Case 7 toentgen ray film of chest on seventh day of illness 


in films taken on the twelfth day of the illness. This patient was the 
room-mate of Case 3, slept on the porch with Cases 3, 9, and 10, and used 
the same bathroom: with Cases 3 and 10. Her grandmother developed 
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pneumonia Il days after visiting her in the hospital. This was said to be 
due to pneumococeus Type XIV. 

Case 7. CC. H., aged 17, started with sore throat, headache, cough and 
fever. The dry cough persisted. On the fourth day there were no chest 
signs but the Roentgen ray showed a small area of infiltration extending 


out from the right hilum. By the eighth day rales had developed in the 


) Case 8. Roentgen ray film of chest on third day of illness, 


left intersecapular region and a film showed a moderate infiltration through- 

out the lower half of the left lung (Fig. 8). Later impairment, suppression 

breath sounds and rdles developed in this area. On the sixteenth day 
Roentgen ray showed almost complete clearing. 


Roentgen ray film of chest on fifth day of illness. 


Case 8 —E. A., aged 15, developed headache, malaise and sore throat 
followed by dry, non-productive cough. Her temperature was high but 


she was only mildly ill. On the third day impairment of percussion and 
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rales developed at the extreme right base, gradually spreading over the 
entire lobe. The film showed a soft infiltration throughout this area 
(Fig. 9) but by the tenth day this had largely cleared. 

Casz 9.—M. C., aged 17, became ill insidiously with malaise and sore 
throat. On the third day, dry, non-productive cough and fever had devel- 
oped. By the fifth day there was a marked lag of the left upper chest on 
inspiration associated with faint impairment but no rales. Later bronchial 
breathing developed in this area and the pneumonia spread to the right 
lung as indicated by rales in the right interscapular region. A film on the 
eleventh day showed a rather dense infiltration in the left upper lobe with 
faint infiltration in the right lower lobe (Fig. 10). This patient slept on 
the porch with Cases 3, 6 and 10. 

Cask 10.—E. V., aged 15, gradually developed hoarseness and dry cough 
without fever. On the third day fever of 101° occurred but thereafter : 
never rose above 99°. There were no chest signs until the fourth day 
when a few rales developed in the right interscapular region. At this time 
a Roentgen ray film showed a slight infiltration in the mid-portion of the 
right chest (Fig. 11). On the ninth day this had cleared markedly, but 
sibilant rales were still heard over the entire right chest. 


bi 11 Case 10 Roentgen ray film of chest on fourth day of illness 


Case 11. (Courtesy of Dr. John Diven.) A. H., aged 14, developed 
fever with no other symptoms on arriving home for the Christmas holidays. 
She later developed a dry non-productive cough with impairment over the 
left and then the right lower lobes, associated with suppressed breath sounds 
and a few seattered rales. A Roentgen ray film on the fifth day showed an 
infiltration involving portions of both lower lobes (Fig. 12). By the 
thirteenth day this had almost cleared. Her room-mate developed pneu- 
monia of unknown character while away from the school at Christmas. 

Case 12.—J. B., aged 14, developed coryza, hoarseness, cough and slight 
fever on the day she returned to school after the Christmas holidays. 
Twenty days had elapsed since she had been in contact with any girl from 
the school. Her cough was mildly productive and there was nausea, vomit- 
ing and insomnia. On the tenth day rdles developed in the right inter- 
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scapular region with the gradual development of moderate dullness, sup- 
pression and rales over the right lower lobe. Roentgen ray on the seventh 
day showed mild peribronchial infiltration extending into the right lower 
lobe, and by the ninth day, there was slight but definite infiltration there 


| 12.— Case 11 Roentgen ray film of chest on sixth day of illness 


Cask 13 Courtesy of Dr. Walter F. Davey.) J. C., aged 15, had a 
gradual onset with malaise, general aching and fever while away from school 
for the Christmas holidays. Persistent dry, hacking cough began and later 
became productive of mucopurulent sputum. Late in the disease a few 
riles became audible at the bases. 


Fic. 13.—Case 12. Roentgen ray film of chest on ninth day of illness. 


Discussion. ‘his group of cases is strikingly similar to those re- 
ported by Bowen,* Gallagher,’ Allen, and The 
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case incidence in a brief period is greater in this outbreak than in 
any we have seen previously reported. This epidemic differs from 
that described by Reimann and Havens and others in that the 
patients did not show evidence of a grippe-like infection prior to 
the onset of lung involvement. During the period when these cases 
occurred the school was notably free of common colds and other 
upper respiratory infections. 

The diagnosis of isolated cases of this disease ma he extremel) 
difficult when there is no epidemic. It might be well to repeat here 
the features that differentiate this entity from true lobar pneumonia. 
|, The onset is usually mild without chill or chest pain. 2, The 
cough is dry, metallic, non-productive and often paroxysmal. It is 
so characteristic that after hearing it in the first few patients one 
could almost make a diagnosis in the later cases from the nature of 
the cough. 3, If sputum can be obtained it is not rusty and does 
hot consistently contain pneumococci. Leukocy tosis with poly- 
morphonuclear increase is absent. 5, Ilerpes does not occur. 6, 
The illness is usually mild and not accompanied by toxemia. 7, The 
fever is swinging in character. 8, There is a paucity of chest find- 
ings and rarely evidence of complete lobar solidification. 9, The 
areas of infiltration shown in the roentgenograms are less dense and 
do not as a rule involve the entire lobe. The films, however, show 
more involvement than physical examination would lead one to 
expect. 10, This disease is more apt to occur in mid-winter than in 
late winter and spring. 11, It is definitely more communicable. 
|2, Chemotherapeusis is of no value. 

It was suggested by Bock? in 1938 that the great majority of these 
cases represented virus pneumonia. Reimann" obtained a filter- 
able virus from the blood of 1 patient and from the nasopharyngeal 
washings of another. A lung inflammation in experimental animals 
was produced with this agent. [lowever, after several passages, 
the virus was lost. In 1940, during an outbreak of this disease at 
the National Institute of Health in Washington, ID). C., Dyer and 
Topping® isolated a rickettsia from the blood and nasopharyngeal 
washings of 3 patients. This they identified as the same rickettsia 
isolated by Burnett‘ in 1937 in “Q” fever. Weir and Horsfall'* 
recently reported the isolation of a virus from the throat washings 
of cases of this type. This virus when inoculated into the mongoose 
produces pulmonary consolidation. It was not pathogenic for 
various other animals. The serum of human beings who had recov- 
ered from this disease was capable of protecting the mongoose 
against infection with this virus. 

Dver and Topping inoculated mice, guinea pigs and the chorio- 
allantoic membrane of hen’s eggs with blood and pharyngeal wash- 
ings from 6 of our cases. No rickettsia or virus was isolated. They 
had the misfortune of having secondary infections in both their 
inoculated and control animals. For this reason we do not feel 
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that this isa valid negative. The materials were obtained from only 
patients early in the disease. 

Table 2 summarizes the primary inoculations from our 6 patients 
to various animals. In any case where a primarily inoculated ani- 
mal showed any abnormality whatsoever material was taken from 
him and passed through serial passages into other animals including 


thre chick embry 


Pantie 2 RESULTS O18 TNocuLATIONS From 6 Cases 
eal Mice 
Number used Number used 
Day of material and route material and route 
| of moculatior of inoculatior Chick embrvo 
10th 2: Blood: LLP 2: Blood: LP 


2: Saline gargle: 1.N 


2: Blood: LP 2: Blood: LP 


2: Saline gargle:1.N 
oth 2: Saline gargle: 1.P 
2: Saline gargle: 1.N 
2: Blood: LI 2: Blood: LP Ye blood and 
2: Saline gargle:1.N aline gargle 
2: Blood: LP 2: Blood: LP Yes, blood and 
2: Saline gargle:1.N saline gargle 


2: Blood: L.P 2: Blood: L.P 


Serum: 


\ variety of names has been applied to this clinical entity: “Acute 
Influenza Pneumonitis” (Bowen*); “ Type A Virus Pneumonia” (Rei- 


mann); “Acute Interstitial Pneumonia’ (Smiley'*); “ Focal Dis- 
seminated Pneumonia’ (Sceadding"); “Atypical Bronchopneu- 
monia’’ (Murray'); “Atypical Pneumonia’ (Cass°); “ Broncho- 


Pneumonia, Variety XX” (Longeope!’). The term pneumonia has 
always meant inflammation in the lung regardless of etiology. 
There seems, therefore, no reason to speak of these cases as pneu- 
monitis. It would seem wise at this time to follow Longcope’s 
lead and speak of this disease as bronchopneumonia of unknown 
etiology, Variety X, until the causative agent is established beyond 
question. 

Summary. An outbreak of bronchopneumonia in a girls’ school 
occurred between November 25, 1940, and January 7, 1941, affect- 
ing 13 of 90 students, an incidence of 14.46%. Previously reported 
outbreaks have been largely among males. The illness began, as a 
rule, abruptly with headache, mild sore throat and fever. This was 
shortly followed by a characteristic dry, harsh, non-productive 
cough. Abnormal lung findings were absent early, and even later 
in the disease were less than would be expected in patients having 
definite lung infiltration. Leukopenia or normal leukocyte counts 
were present and the sputum containeda mixed flora. Roentgen ray 
films of the chest usually showed an infiltration of moderate density 
beginning at the hilum and later extending in a fan-like fashion 
towards the periphery of the lung. This was usually limited to one 
lobe. The disease was mild in character and rarely accompanied 
by toxemia. Fever persisted for from 1 to 14 days. There were 
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no deaths. No virus or rickettsia were obtained by animal inocu- 
lations. 
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Fe LKE,! Levaditi and Vaisman,* and Herrold®? have reported the 
occurrence of gonococcus strains which were resistant to sulfanila- 
mide. Westphal, Charles and Carpenter? developed, experimen- 
tally, strains resistant to sulfapyridine. 

The following in vitro bactericidal test, a modification of the tech- 
nique developed by Keefer and his coworkers,’ demonstrated gono- 
coccus strain reactions to sulfathiazole which corresponded to the 
results of chemotherapy in the patient. 


Method. The test was carried out as follows: Citrated blood obtained 
from patients who had received 2 gm. of sulfathiazole 4 hours previous t 
the taking of the blood was divided into two parts, one of which was inacti 
vated at 56° C. for 30 minutes. Various saline dilutions (10-', 10-%, 10 
of a 24-hour growth of gonocoeci In 206, ascitic broth were added in 0.1 c« 
amounts to tubes containing 0.5 ec. of the active or inactivated blood 
The inoculated blood was incubated for 24 hours at 36° C. and 0.1 ee. from 
each tube was pipetted on to cooked blood filtrate ascitic fluid agar plates 
These were incubated at 36° C. for 48 hours before being read 

Controls were set up by substituting 20°; ascitic broth for the blood, and 
adding 4 mg. per 100 ec. of sulfathiazole. 

Experiments were also made by adding p-aminobenzoie acid® to the tubes 
containing sulfathiazole in blood or ascitic broth so that the final concentra- 
tion of the acid was 5 mg. per 100 ce. 
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\ctive blood containing sulfathiazole did not give evidence of 
gonococcus strain differences. However, such differences of behavior 
were Clearly demonstrated when inactivated blood was used. It 
was found that most strains obtained from patients who had 
responded to sulfathiazole did not grow in inactivated blood con- 
taining the drug, even with the higher concentrations of the organ- 
isms. On the other hand, strains obtained from patients who did 
not respond to therapy often showed growth with dilutions of 10 
of the organisms (Table 1). This strain difference was not so evi- 
dent when ascitic broth was used instead of inactivated blood. 


PABLE 1 oF Human CONTAINING SULFATHIAZOLI 
ON THE VIABILITY OF GONOCOCCUS STRAINS 


i?) gonococe! 10 10 10 
No. of test 0 0 
1. Strain Susceptible to Sul fathiazols 
37 15 22 | 36 
2e 17 () 22 () 
| 4 () 12 2 
Ss () () S 
5 ) 5 5 
ss 3 3 3 
SIS » 0 » 
B. Strains Resistant to Sul fathiazol: 
R4 10 2 7 
Re 7 7 7 0) 5 
Ri 4) 5 () 4 
Growth ) No growth. 

With S other susceptible strains, one test for ¢ ih showes no growth in all 


Comparison of the bactericidal power of blood containing sulfa- 
thiazole with the same blood containing p-aminobenzoic acid in 
addition, showed that susceptible strains were protected from the 
action of the sulfathiazole by the acid while resistant strains were 
either unaffected or made more susceptible to the action of the 
drug (‘Table 2). 

‘Two strains, S7 and SS, obtained from patients who were appar- 
ently carriers, acted like susceptible strains. Each time the patients 
were given sulfathiazole, they appeared to respond in the typical 
manner, only to show a recurrence at a later date. 

It was found that the behavior of a particular strain of organisms 
once isolated from the host, remained unchanged, in spite of the 
humerous passages on artificial media. However, it is known that 
some patients do not respond to the first course of treatment, but 
Inay respond to a second or third course. This makes one suspect 


yj” 
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the existence of a host factor which was not demonstrated by the 
test. 


raABLE 2 oF INacTIVATED HUMAN CONTAINING SULFATHIAZOLE 


P-amino BeEnzoic Acip ON THE VIABILITY OF GONOCOCCUS STRAINS 
tions of broth eulture of 10 
\ S 
S| () ( () ] 
() J l 
B Re l 
l 4) ] 
R7 ) () 
Growth 4) No growth 


There was a lack of clinical and laboratory correlation for 2 strains 
of the 34 studied. One was a susceptible strain (SIS), obtained 
from a patient resistant to sulfathiazole therapy. The other was a 
resistant strain (HRS), obtained from a patient who responded to 
sulfathiazole treatment. It is suggested that the strain may undergo 
a change in the host from a resistant to a responsive character. 
Investigation along these lines will be continued. 

Summary. A technique is described which gives evidence of a 
difference in behavior of various gonococcus strains to sulfathiazole 
invitro. The strain variation corresponds markedly with the clinical 
reaction of the patient. Para-aminobenzoic acid inhibits the bac- 
tericidal effect of sulfathiazole on susceptible strains of gonococci, 
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SINCE the formol-gel test was first described by Gaté and Papa- 
costas® In 1920, it has been recommended as a diagnostic aid in 
many diseases. The reaction was thought to oecur only in the 
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serum of syphilitic patients but it has since been found to be present 
in a great variety of unrelated conditions. 

Our attention was first drawn to the test by the report of Schultz 
and Rose® in 1939. These authors compared the formol-gel test 
with the erythrocyte sedimentation rate (ESR) in cases of rheumatic 
fever and rheumatic heart disease as well as in an assorted group of 
“control” cases. They found that in patients with various febrile 
diseases excluding rheumatic fever there was a parallelism between 
the ESR and the formol-gel test and that a positive formol-gel test 
never occurred unless a certain degree of increased erythrocyte 
sedimentation existed. However, in children or adults with rheu- 
matic carditis the test became positive when signs of active carditis 
appeared and the results were not necessarily parallel to the ESR. 

They also noted occasional instances in which the formol-gel test 
remained positive after the ESR had returned to normal and sug- 
vested that this test might be a more sensitive index of persisting 
rheumatic infection. In cases of active rheumatic carditis with 
decompensation the formol-gel test was positive, whereas the ESR 
was within normal limits. These observations suggested to the 
authors that the formol-gel test might be a valuable additional aid 
in determining the presence of active carditis in patients known to 
be suffering from rheumatic fever. 


Material and Methods. Three hundred and thirty-eight tests were per- 
formed on 208 patients. For the most part these patients were adolescents 
and adults, but a few children were included. The series consisted of a 
large number of patients with rheumatic valvular disease of varying 
degrees of activity. As controls, healthy individuals and patients with a 
variety of diseases seen on a general hospital ward service were included. 

All bloods were taken by venipuncture, placed immediately in clean test 
tubes and allowed to stand until clot retraction had taken place. These 
were not necessarily fasting specimens. The tubes were then centrifuged 
and 1 ec. of serum was withdrawn and placed in a small test tube of 0.8 mm. 
| hore. Two drops of a 40°, formaldehyde solution were added to each tube. 

The tubes were than tightly stoppered and inverted until through mixing 
had occurred. The tubes were inspected at intervals of 24, 48 and 72 hours 
and the degree of gelation recorded. Early in the work the tubes were 
inspected at the end of 5-minute and 1-hour intervals, but this was soon 
disearded, since no additional information was gained. The degree of 
opacity was likewise found to be of little value and was abandoned. 

The following criteria were adopted to denote the degree of gelation: 
1. On inversion of the tube the serum showed a slight increase in viscosity 


when compared with normal serum. 2. On inversion of the tube the serum 


flowed very slowly when compared to normal. 3. On inversion of the tube 
there was no flow of serum but the surface had a jelly-like consistency. 
t. On inversion of the tube a solid gel was present with no movement of the 
surface 

The ESR determinations were done by the Westergren method as modi- 
fied by Berg.! For the purpose of this study all rates below 20 mm. per 
hour were considered to be normal or borderline, while all rates over 20 mm. 
per hour were considered definitely abnormal. 


Results. ‘Table | lists our results and indicates the relation of 
the ESR to the formol-gel test. 
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In 5S patients with clinically inactive rheumatic valvular disease 
of various degrees and with an ESR below 20 mm. per hour, the 
In 9 additional 
where the ESR was between 20 mm. and 65 mm. per hour and in 


formol-gel test was invariably negative. Cases 
whom activity may have been present without clinical manifesta- 
tions, the formol-gel test was negative in 7 and slightly positive in 


CHSesS, 


TABLE 1 
ESR in mm. per ho l ( 
| 
D case 39. 79. Neg. S 

Normals 
Rheumatic fever 

(Juiescent 

Subacute bacterial en 

locarditis l | 
Coronary thrombosis (i 2 l 
Cirrhosis of liver 
Rheumatoid arthritis 14 > Z 
Malignancy 5 2 
Miscellaneous 

Acute and chronic in- 

fections ( ) 5 7 

| ils 131 23 14 13 27 174 lt 1S 

. Markedly positive tests include all those with 44 gelat liter 24 h 
moderately positive tests include those with 34 gelation in 24 hours and 3 ul 
{+ gelation in 72 hours; slightly positive tests include all those of less degree tha 


;+ gelation at the end of 72 hours 


Sixteen cases of active rheumatic fever in the hospital wards 
were studied during the course of the disease. Thirteen of these 
cases at one time or another gave a positive formol-gel reaction 
which in general paralleled the ESR, particularly when the ESR 
In | patient, however, with an ESR of 90 mm. per hour 
and showing typical migratory arthritis, subcutaneous nodules and 
tachycardia, the formol-gel test was never positive. Another case 
was that of an S-vear-old boy with severe active rheumatic peri- 
carditis and an ESR of 133 mm. per hour. 
was negative until late in the course of the disease when the signs 
of active carditis had disappeared. 
matic carditis is often extremely difficult even with the aid of 
modern laboratory techniques. The electrocardiogram may be of 
help, but interpretations must be made with caution.* 

Six cases of coronary thrombosis were tested. 
test was invariably negative, although the ESR was above 20 mm. 
per hour in 3 of the cases. 

Six cases of subacute bacterial endocarditis were followed over 
periods of many weeks. The diagnosis was definitely established 
in all cases and eventually all died. 
formol-gel test, 3 were always negative and 1 was sometimes posi- 


was high. 


The formol-gel test 


The diagnosis of active rheu- 


The formol-gel 


Two cases showed a positive 
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tive and sometimes negative. The ESR was markedly elevated in 
each Case. 

In studying liver and gall bladder disease it was found that the 
formol-gel test was usually positive in cases of cirrhosis, but not 
invariably so. One case of acute catarrhal jaundice and 2 cases of 
acute cholecystitis were negative. 

In 14 cases of rheumatoid arthritis the ESR was over 20 min. per 
hour in each case. Seven of the cases showed a formol-gel test 
positive in some degree and 7 were negative. One case of gout with 
an ESR of 105 mm. per hour was negative. 

Weltmann!! tests were performed with the ESR and the formol- 
vel test m S selected CaSeS, but ho correlation Was found. 

Discussion. All evidence to date** points to the fact that the 
formol-gel test is a test for hvperglobulinemia and has no specificity 
in individual diseases. A recent paper by Biguria and Foster? pro- 
posed modifications of the test for the determination of globulin 
content of serum. Our results have likewise shown no specificits 
and we have been unable to corroborate many of Schultz and Rose's 
results. It is true that a positive formol-gel test rarely occurs with 
a normal sedimentation rate except in the presence of cardiac de- 
compensation but on the other hand there is no correlation between 
a high ESR and the formol-gel test. Nor were we able to demon- 
strate that the formol-gel test was of value in determining the degree 
of carditis present. None of the cases of coronary occlusion with 
cardiac degenerative changes gave a positive test and 1 case of 
unquestionable rheumatic pancarditis gave negative results. 

Schultz and Rose suggested that the test might be a more sensi- 
tive index of persisting rheumatic activity than the ESR. The 
formol-gel test may remain positive in cases of rheumatic fever after 
the ESR returns to normal ranges, but in our experience this alone 
is not an indication of persistent rheumatic activity that should 
keep the patient in bed. Our cases with a normal ESR but a per- 
sisting positive formol-gel test did well on gradually increasing 
activity, although this test often remained. positive in some degree 
for long periods. 

The formol-gel test has one advantage over the ESR in that the 
test does not have to be performed immediately. We have retested 
many sera after preserving them in the refrigerator for periods as 
long as 2 months and the results were essentially the same. This 
fact, however, does not compensate for the lack of sensitivity of the 
test. 

Since this work was completed, a paper by Klein, Levinson and 
Stubik’ has appeared covering a study of the formol-gel test, the 
ESR and the Weltmann reaction in the rheumatic fever of child- 
hood. Their results were entirely similar to ours in that they were 
unable to substantiate the claim that the formol-gel test was a 
measure of rheumatic carditis. In their experience the formol-gel 
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test was the least sensitive of the three procedures in determining 
the degree of activity in patients with rheumatic fever. 

Summary and Conclusions. |. The formol-gel test is essentially 
a test for hyperglobulinemia and has no correlation with the erythro- 
cvte sedimentation rate. 

2. It is of little or no value in the diagnosis of acute rheumatic 
fever with or without carditis. 
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Docrors Don’t Betieve Way SHoutp You? Facts and Fallacies 
\bout Health with Practical Guide for the Layman. By AuGust A. 
THomeNn, M.D., with Introductions by LoGaN CLENDENING, M.D., and 
The Right Honorable Lorp Horper, Physician in Ordinary to the King 
of England. Pp. 384. New York: Simon and Schuster, 1941. Price, 
$2.50 
Wrirren for laymen, this book will be weleomed and appreciated by all 

pliysicians because it so splendidly fulfills the promise of its subtitle. There 

ire facts in a wide range of medical knowledge, wisely selected and well 
presented, interlarded with exposures of many fallacious beliefs current 
unong the laity. The mode of presentation is ingenious and effective, 
taking the form of questions 254 of them -+-and their answers, ranging from 

i few words up to 30 pages. They are grouped under these chapter headings: 

food, diet, and weight reduction; your daily life; major ailments; the vene- 

real diseases; cancer; the common cold; allergy, asthma, and hay fever; 
minor ailments and remedies; mind and senses; birth, marriage, and death. 

The material is timely, accurate and interesting, so that the book should 

prove most popular and useful. R. K. 


OUTLINES OF INpUsTRIAL MepicaL Practice. By Howarp E. 
M.D., Cu.B., Formerly Reader in Industrial Hygiene and Medicine, 
University of Birmingham; Certifying Factory Surgeon, ete. Pp. 440. 
Baltimore: “The Williams & Wilkins Company, 1941. Price, $5.00. 
Tue problems of industrial hygiene and medicine are extensive, and a 

comprehensive discussion of the whole subject can hardly be presented 
within a single volume. The author has not attempted to do so. He has 
selected his material well and it is evident that it is presented from a back- 
ground of considerable experience in the field of industrial medicine. While 
the subject is diseussed from the British point of view, much of direct 
interest to American industrial physicians will be found. Extensive 
reference is made to American as well as British literature. 

The subject matter is divided into five parts which are self-explanatory 
from their titles: Exeeutive duties, advisory functions, industrial psy- 
chology, industrial medicine, industrial forensic medicine. The discussion 
of problems of industrial psychology is a weleome addition to a textbook on 
industrial medicine and its inclusion is indicative of the expansion of the 
duties of the industrial physician in the modern health program in industry. 
Qf particular interest at the present time is the author’s discussion of the 
nfluence upon the workers’ efficiency and health of such factors as hours of 
labor, speed of work, overtime, night work, and so on. Experience during 
the last war showed clearly that the optimum rate of doing work could not 
safely be exceeded except for short periods. It is to be hoped that the mis- 
takes of that period will not be repeated. 

The discussion of industrial poisons is necessarily limited, the most im- 
portant ones receiving the greatest consideration. The author would have 
done well to have limited it even more. A number of the less common 
poisons receive only brief mention. A mere listing of these substances, 
with suitable references, would have served as well and more space could 
have been given to the important toxie substances. The classification of 
agents causing occupational dermatoses and trade ulcers is excellent. 
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The final section on forensic medicine includes an excellent summary of 
the British laws which should serve as a basis for COMMPaPLIsOn VW ith American 
practices, 

The author has fulfilled in an excellent manner his purpose, which was to 
present an introduction to industrial medicine for those who contemplate 
entering this field. T. H 


THE CompLtere WerGutr Repucer. By C. J. Geruinc. Pp. 246. New 

York: Harvest House, 1941. Price, $3.00 

Mucu useful information for laymen on obesity: its causes and treat- 
ment, and especially on the many fads and quackeries that are perpetuated 
on the public in this field. The manner of presentation is novel. Instead of 
a systematic and consecutive covering of the subject, there are concise 
discussions, usually only a paragraph or two, on topics alphabetically 
arranged, to which the reader can easily refer when he wishes to look up a 
particular point. The book should prove helpful and instructive to the 
interested layman. Rok 


\ Text-Book or Edited by E. T. Bett, M.D., Professor 
of Pathology in the University of Minnesota, Minneapolis. Pp. 931; 
$31 illustrations and 2 colored plates. Fourth Edition, enlarged and 
thoroughly revised. Philadelphia: Lea & Febiger, 1941. Price, $9.50 
Eacu succeeding edition of this valuable textbook brings it nearer in size 

to the Big Three works on this subjec t, without loss of quality Favorably 
comparing with them is the lower price of Bell’s work, and the greater 
attention paid to predisposing factors in disease and to physical and chemi- 
cal agents. There is a welcome increase in the emphasis on pathologic 
physiology, and a desirable tie-up with clinical medicine, without sacrifice 
of space devoted to the basic concepts on general pathology 


THE INTERVERTEBRAL Disc. With Special Reference to Rupture of the 
Annulus Fibrosus with Herniation of the Nucleus Pulposus. By F 
KeirH Braprorp, M.D., Houston, Texas and R. GLEN SpuRLING, M.D., 
Louisville, Ky. Pp. LDS: 45 illustrations. Springfield, Charles 
Thomas, 1941. Price, $4.00 
IN this monograph discussion of diseases and traumata of the interverte- 

bral dise, special attention is given to the nucleus pulposus. The scope of the 

work is comprehensive and inclusive. Anatomy, physiology and pathology 
are adequately considered and clinical phases ol diagnosis and treatment 
receive detailed study. Differential diagnosis is somewhat sketchy, and 
conditions producing the symptoms of herniated dise are not given a true 
percentage valuation. 

The illustrations are excellent, the format and paper are up to the 

Thomas standard. This monograph is of distinct value and is a contri- 

bution worthy of study and Irequent reterence. W. 


TRAUMA AND Disease. Edited by Leopotp Braupy, B.S., M.D., Physi- 
cian in Charge of Occupational Diseases and Injuries in the Office of 
The Corporation Counsel of the City of New York, ete., and Samuen 
KAHN, B.S., M.D., Medical Examiner in the Bureau of Workmen’s 
Compensation of the Department of Labor, State of New York. Pp. 655; 
13 illustrations. Second Edition. Philadelphia: Lea & Febiger, 1941. 
Price, $7.50. 

Tuts second edition continues the high standard set by the first. To 
the list of well-known authors who have contributed chapters have been 
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added Dr. Edward N. Packard, with a chapter on tuberculosis, Dr. George 
Blumer, who has rewritten the chapter on pulmonary diseases, and Dr. 
Robert J. Joplin, who has materially added to the chapter on bone diseases. 
Throughout, additions have been made as knowledge has accumulated, 
and this is especially true in the chapter on the relation of trauma to heart 
disease, where recent experimental work is cited. There are a few new 
illustrations and, in all, about 40 new pages of text. The book remains 
as a very Valuable possession. It should be of particular interest to physi- 
cians in Compensation practice and to compensation referees and lawyers. 
The work differs from several other books on the same subject in that each 
section is written by a man who is a recognized authority in his field. 


PATHOLOGY FOR STUDENTS AND PRACTITIONERS OF Dentistry. By 
Wituiam E. Exricn, M.D., Associate in Pathology, School of Medicine, 
University of Pennsylvania. Pp. 509; 234 illustrations. Philadelphia: 
Lea & Febiger, 1941. Price, $5.50. 

IN a short period of time several new textbooks have appeared outlining 
courses of pathology for dental students. Ebhrich’s book is not just another 
of these texts 

In the present educational set-up it is as a rule, deemed unnecessary to 
acquaint dental students with the principles of pathology as taught to 
medical students. Lf one is of this opinion then it becomes a difficult task 
to select from the general subject matter such material as may be suited to 
adequately support the study of oral disease. The author has been success- 
ful in such an attempt. 

Having taught pathology to both medical and dental students he is emi- 
nently qualified to make this endeavor and we think his results testify to this 
fact. His correlation of systemic and local conditions is definitely aimed at 
widening the mental horizon of the future practitioner of dentistry, who too 
often regards the mouth and the teeth as anatomic entities whose réle in 
the somatic funetional processes is an insignificant one. We therefore 
welcome this effort at correlation. 

Moreover, the author has integrated skillfully, where possible, the pic- 
tures of tissue changes and functional disturbances, a practice which is so 
essential to an understanding of disease. 

The arrangement of the chapters is unusual for a textbook on pathology. 
Inflammation is discussed in the last chapter which places the subjects of 
pulpitis and parodontitis at the end of the book. Controversial topies such 
as parodontitis (14 pages with 13 illustrations) and caries (14 pages with 9 
illustrations) might well receive more elaborate treatment in a next edition. 
The bibliography is definitely partial to the European literature. The 
literary aspect of the book could be improved upon. However, we feel that 
the dental student and the practitioner will be greatly benefited by reading 
and frequently consulting Ehrich’s book. It contains much information 
rarely embodied in texthooks of this kind, and we therefore reeommend it 
warmly to the dental profession, H.C. 


Bopy Mercuanics IN HeALTH AND Diskase. By E. 
M.D., LL.D., Luoyp T. Brown, M.D., F.ALC.S., Lorine T. 
Swarn, M.D., and Joun G. Kuans, M.D., F_A.C.S. With a Chapter on 
the Heart and Circulation as Related to Body Mechanics, by W1iiu1AM 
J. Kerr, M.D., F.A.C.P. Pp. 316; 121 illustrations. Third Edition, 
completely revised and reset. Philadelphia: J. B. Lippincott Company, 
1941. Price, $5.00. 

Tue keystone of the Boston School of Orthopzdies has long been the 
work of Goldthwait on posture and body mechanies. In the third edition 
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ft this work the views of Goldthwait are presented and augmented by his 
pupils. The greater portion of the book is sound and of value. Some 
wishful thinking and loose statement has, however, crept into the work 
specially is this true as regards vascular disease. Certainly the proper 
critical attitude has not been applied to the relationship between skeletal 
structure and position and the development and treatment of visceral 
diseases, GG. W 


IMMUNITY AGaINst ANIMAL ParasirEs. By James T. CULBERTSON, 
\ssistant Professor of Bacteriology, College of Physicians and Surgeons, 
Columbia University. Pp. 274; illustrated. New York: Columbia 
University Press, 1941. Price, $3.50 
THE subject matter of this book is divided into three parts: 1, Natural 

Resistance and Acquired Immunity; 2, Immunity in Specific Diseases; 

and 3, Applied Immunology. Part I contains 7 chapters, the headings of 

which are: Natural Resistance, Age Resistance, Specifically Acquired 

lmmunity, Requisite for Immune Response, Parasites Which Elicit Im- 

munity, Mechanisms of Specific Immunity and Demonstration of Immun- 

ity. Part Il is made up of the following 9 chapters: Amoebiases, Leish- 
maniases, Trypanosomiases, Malarias, Coccidioses, Trematodiases, Cestodi- 
ases, Nematodiases, and Response to Arthropods. Part IIT is composed of 
the following: Classification of Parasites, Vaccination Against Parasites, 
and Diagnosis of Parasitie Infection. A list of abbreviations of journal 
titles and an index complete the book. The text is illustrated by 4 plates, 

3 charts and 2 tables. 

To this Reviewer the chief value of the book is its extensive bibliography, 
which supplements that of Taliaferro’s (1929) ‘The Immunology of Para- 
sitic Infeetions.”” On the whole, one gets the impression of hurried prepara- 
tion, inadequate digestion of data and of carelessness. The last may be 
illustrated by expressions such as ‘malaria-infected blood,’ “monkey 
malarias,”’ “choice of hosts,” “the balantidias” for species of balantidium, 
‘Balantidia”’ written as a generic name, “somatic protozoans”’ for protozoa 
that are parasitic in tissue. Throughout the text results of experiments 
are cited without analytical consideration of their part in aiding a rational 
explanation of the interrelationships of host and parasite. There seems to 
have been no attempt to differentiate between truly pathogenic and non- 
pathogenic parasites or “normal” and “abnormal”’ parasitism in discussing 
Immunologie responses. This Reviewer cannot agree that “examples ol 
extreme maladjustment between host and parasite do not oeeur ... . in 
natural infections” (p. 14), that “age resistance has been demonstrated to”’ 
parasitic amoebze or flagellates of the intestinal tract (p. 37), that ‘once a 
parasite has developed to a stage which can survive in the intestinal lumen 

. it is largely beyond the influence of the agencies .... which perform 
the immune function” (p. 60), that “the depression of egg production by 
female worms in immune hosts may be explained by occlusion of the genital 
pore with precipitate ‘(precipitated antibody) (p. 72), that ‘*most human 
beings are naturally resistant to infection with Endamoaeba histolytica” 
p. 92), or that eosinophile leukocytes, by collecting in the intestinal mucosa 

‘form a definite barrier to penetration by the adult parasites” (Trichinella 

spiralis) (p. 192). 

This Reviewer has no wish to belittle in any way the excellent studies 
that have been and are being made on the immunology of parasitic diseases 
Certainly this phase of parasitology would not have attracted the attention 
of our best-equipped investigators had it not presented so many fascinating 
problems. It warrants better treatment than has been its lot this time 


H.R 
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Tue Memoria, 1930-1939. A Study of the First Ten Years of a 
Unit for People of Moderate Means at the Massachusetts General Hospi- 
tal. By Haven Emerson, M.D. Pp. 75; 1 illustration. New York: 
The Commonwealth Fund, 1941. 
luis book is at once an accounting of 10 years of successful stewardship 

ind an able appeal for other communities to develop adequate facilities for 

the care of our large group of citizens of moderate means. 

The following paragraphs from the volume capably describe its purpose 
ind content: 

“The Baker Memorial remains unique in hospital experience with its 
consistent codéperative pattern, by which the supporting community, the 
hospital administration, the medical and nursing staffs, and the patients 
share in obtaining bed care of superior quality for the sick at a cost whieh 
people of moderate means can pay.” 

“After a brief review of the chronological development of the idea of a 
self-supporting hospital for private patients of moderate means, from its 
first expression, through the stages of discussion, acceptance, construction, 
and operation, the significant facts as to use of the hospital during the 
ten-year period will be presented and the reaction of patients and physicians 
‘onsidered. 

“The financial experience of the hospital will be described and its eco- 
nomic and social implications for possible application of similar principles 
for hospital care in other communities will be discussed.” B. BR, 


\ Brier Course iN OrGantc CHemistry. A Combined Textbook and 
Laboratory Manual. By Reynoup C. Fuson, Professor of Chemistry in 
the University of Illinois, RaLpH Connor, Associate Professor of Chemis- 
try in the University of Pennsylvania; CHARLES C. Price, Assistant 
Professor of Chemistry in the University of Illinois, and H. R. Snyper, 
\ssistant Professor of Chemistry in the University of Illinois. Pp. 248; 
24 illustrations. New York: John Wiley & Sons, Inc., 1941, Price, $2.50. 
\LTHOUGH this excellent combined textbook and laboratory manual has 

heen designed for students of pre-medicine or related fields, it may also be 

of value to certain physicians who desire to have at hand a concise reference 
book concerned with broad, fundamental concepts in organic chemistry. 

The material is clearly presented, and, although condensed, is quite up-to- 

date. The later chapters dealing with Coal-Tar and Natural Products 

constitute a convenient source of information pertaining to sulfonamides, 
vitamins, hormones, etc 


SURGERY OF THE Heart. By E. 8. J. Kina, M.D., M.38., D.Sc. (Melb.), 
(Eng.), F.R.A.C.S., Major A.A.M.C., Honorary Surgeon to Out- 
patients, Royal Melbourne Hospital; Jacksonian Prizeman, Royal College 
of Surgeons; ete. Pp. 728; 268 illustrations and 4 color plates. Baltimore: 
The Williams & Wilkins Company, 1941. Price, $13.50. 

Tue title of this monograph is somewhat misleading. ‘* What a Cardiac 
Surgeon Should Know” would more nearly describe the contents. The 
first third of the book is concerned with the anatomy, physiology and 
pathology of the heart. The second two-thirds are mainly descriptions of 
heart disease in the classical manner: history, etiology, pathology, symp- 
toms and signs, treatment and prognosis of the various conditions. Only 
a few of the diseases of the heart are amenable to surgical therapy, but 
without doubt a surgeon venturing into this field should be familiar with 
all the conditions discussed, 


28S BOOK REVIEWS AND NOTICES 


The author has proved himself to be truly a doctor of medicine as well 
as a surgeon, and this book is to be commended as an example of the 
general information that the surgeon should possess rather than the purely 
technical information of the “operator.” i, 


HyYPOPARATHYROIDISM IN DeNMARK. A Clinical Study. By Lacu- 
MANN. Pp. 269; illustrated. Copenhagen: Einar Munksgaard, 1941 
Price, Dan. Cr. 12. 

Tuts is a summary of the clinieal and metabolic findings in patients with 
postoperative and idiopathic hypoparathyroidism, with results of various 
treatments. It consists of studies on patients in several Danish hospitals 
and analysis of data in the literature of other countries a/ 


THe Foor anp ANKLE. Their Injuries, Diseases, Deformities and Dis- 
abilities with Special Application to Military Practice. By Puitip 
Lewin, M.D., F.A.C.S., Associate Professor of Bone and Joint Surgery, 
Northwestern University Medical School; Professor of Orthopedic 
Surgery, Post-Graduate Medieal Sehool of Cook County Hospital, ete 
Pp. 665; 304 line drawings by Harotp LaurmMan, M.D. Second Edition 
Philadelphia: Lea & Febiger, 1941. Price, $9.00 
THIS book is well on the way ‘to becoming a classic The second edition 

is much superior to the first. Experience has shown what to eliminate and 

condense. Necessity has caused inclusion and elaboration of lesions peculiar 
to the soldier and war. In its present form this book is of great worth and 
can be unhesitantly recommended as the best treatise upon the subject 


G. W. 


THe Mepicau CLInics oF AMErIcA (Vol. 25, No. 5, Boston Number 
September, 1941. Philadelphia: W. B. Saunders Company, 1941 
Tuts number features a symposium on methods of treatment in diabetes, 

pneumonia, pulmonary tuberculosis, common forms of heart disease, bac- 
terial meningitis, migraine, epilepsy, exophthalmie goiter, peptic ulcer, 
vall bladder disease, nephritis and urinary tract infections. The issue also 
contains articles on infant feeding, the preventative aspects of military 
medicine, conditions simulating pulmonary tuberculosis and the clinical 
application of electro-encephalography. 

The subjects are well presented, new methods as well as old being dis- 
cussed, though some can searcely be considered “specific.” The majority 
of the articles diseuss both diagnosis and therapy. The rdle of sulfonamide 
therapy in the various indicated diseases is properly evaluated in most 
instances, though the value of these drugs in subacute bacterial endocarditis 
is perhaps overrated. The article on diabetes contains valuable advice on 
its management in automobile drivers. In the section on the treatment of 
meningitis there is a great deal of repetition and, after ascribing a high 
incidence rate (first in some reported series) to tuberculous meningitis, the 
treatment of this disease is not discussed, perhaps because of the hopeless 
prognosis in this type. In the treatment of acute cholecystitis, the adminis- 
tration of only sodium chloride solution intravenously is recommended, 
though the value of glucose, in such cases is well recognized. In the dis- 
cussion of the diagnosis of gall bladder disease, there is no reference to the 
examination of bile obtained by duodenal aspiration as a diagnostic pro- 
cedure T. M. 
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WouNnbs AND Fracrures. A Clinical Guide to Civil and Military Prac- 
tice. By H. Winnetr Orr, M.D., F.A.S.C., Lincoln, Nebraska; Chief 
Surgeon, Nebraska Orthopedie Hospital. Pp. 227; 137 illustrations. 
Springfield, Ill.: Charles C Thomas, 1941. Price, $5.00. 

Tus book is in reality a monograph on Dr. Orr's method of treating 
fractures rather than the clinical guide that the title indicates. There is 
no question as to the brilliant results of the Orr methods of treatment in 
many cases, but it would be a mistake not to emphasize the fact that many 
fractures can be treated successfully without the use of pin fixation. In 
fact, it is doubtful whether the widespread use of pins should be encouraged. 

The Reviewer also believes that infeetion in compound fractures may in 
part at least be combated by the use of sulfonamide therapy, but the use 
of this drug has not been mentioned by Doctor Orr. Does it not deserve 
i trial at his hands? 

\side from these two criticisms this volume deserves only praise for its 
exposition of this important method of treatment which has done so much 
to reduce mortality and morbidity in patients with compound fractures. 


LR. 


SULFANILAMIDE AND RELATED CoMPOUNDS IN GENERAL Practice. By 
Westey W. Spink, M.D., Associate Professor of Medicine, University 
of Minnesota Medical School. Pp. 256. Chicago: The Year Book Pub- 
lishers, Inc., 1941. Price, $3.00. 

Tuts is the fourth book on sulfonamide chemotherapy which has come 
to the Reviewer's attention in as many years, indicating the tremendous 
interest in the subject as well as the rapid advances which have been and 
are being made. Second editions or new ones will no doubt be needed in 
the near future. 

The present volume is remarkably down to date, with the latest reference 
dated July, 1941. The subject matter is dealt with in an orderly manner 
beginning with the historical development and general principles of therapy. 
This is followed by a discussion of the three principally used compounds, 
sulfanilamide, sulfapyridine and sulfathiazole, deseribing for each in detail 
the dose and methods of administration, treatment of especially important 
infections, contraindications and so forth. Several chapters are devoted 
to disease complexes such as pneumonia, meningitis, urinary tract infection, 
and to chemotherapy in dermatologic, surgical, and dental fields. There 
are good chapters on chemoprophylaxis and toxic manifestations. The 
final two chapters discuss the available knowledge on the two most recently 
introduced compounds, sulfaguanidine and sulfadiazine. 

The book is of convenient size and is written in a simple, clear, concise 
manner. It is remarkably free from typographic or other errors. Numer- 
ous interspersed case reports with charts illustrate important points in 
therapy. The bibliography is well arranged, adequate, and contains over 
100 selected references. The index is complete. 

The book has a justifiable enthusiastic tone but is tempered with the 
right amount of conservatism to make it a valuable one for the profession. 


H. R. 


A MANUAL OF THE TREATMENT OF FRAcTURES. By JoHn A. CALDWELL, 
M.D., Professor of Clinical Surgery, College of Medicine, University of 
Cincinnati; Director of the Fracture Service, Cincinnati General Hos- 
pital, Cincinnati. Pp. 150; 76 illustrations. Springfield, Ill.: Charles 
C Thomas, 1941. Price, $3.50. 

On the jacket of this manual is the statement “A Plain and Simple 

Text;" to this might be added “Written with clarity, conciseness and 
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originality.”” _Doetor Caldwell has emphasized principles of treatment, 
has shown standard procedures and has provided a guide to the literature 
so that any student or house officer can act in an emergency if he is familiar 
with this manual; but he will also be aware of the fact that more detailed 
instructions are available and that it will be of interest and benefit to him 
to go to the source for them. 

This book is heartily recommended to any one interested in the treat- 
ment of fractures, I. R. 


LecTURES ON Wark Neuroses. By T. A. Ross, M.D... Pp. 116. 

Baltimore: The Williams & Wilkins Company, 1941. Price, $2.00. 

\ very colloquial, simple and short deseription of neuroses intended 
for general practitioners in civilian life and medical officers in the army. 

It is very loosely knit together with many illus trative cases. The author 
insists on the need for prompt psvehotherapy by whatever medical officers 
are near in the earliest hours of a war neurosis, and he describes the sur- 
prisingly good results from erude emergency measures. He advises that 
long-standing cases be handled only by psychiatrists E.B 


IMMUNIZATION TO TypHoIbD Fever. Results obtained in the prevention of 
typhoid fever in the United States Army, United States Navy, and 
Civilian Conservation Corps, by the use of vaccines: influence of antigenic 
structure and other biological characters of E. typhosa on the production 
of protective antibodies in the blood of immunized individuals: increases 
in protective antibodies in the blood following the use of a single small 
dose of vaccine for reimmunization purposes as compared with the use of 
three doses. 

From the Research Laboratories of the Army Medical School, Wash- 
ington, D. C. Investigations carried out under the general supervision 
of: Cox. J. F. Sirer, M. C., U.S. A.; Lr. Cou. Georce C. Dunnam, 
M.C., U.S. A.; Mas. Don Loneretitow, M. C., U.S. A.; Lieut. G. F 
LurproLp, San. Corps Res., U. 8. A. Special investigations carried out 
and coéperative assistance rendered by the following members of the 
staff of the Medical Department Professional Service Schools, Army 
Medical Center, Washington, D. C.: Mags. H. R. Livesay, Carr. Don 
LONGFELLow, Capt. C. P. Cansy, Capr. F. B. Wakeman, Capt. F. E 
CounciL, Mas. F. H. K. Reynoups, Lr. Cou. A. P. Hircuens, 
WILLIAM 8. Stone, Lr. Cot. W. D. FLemine, Carr. J. R. Woop, Carr. 
J. H. MeNinen, Lr. Cou. R. L. Hout, Carr. A. R. Dretseacn, and Lr. 
Cou. 8. D. Avery. (The Am. J. Hyg. Supported by the De Lamar Fund 
of The Johns Hopkins University. Pp. 276; illustrated. Monogr. 
Ser., No. 17, Sept., 1941.) Baltimore: The Johns Hopkins Press, 1941. 
Price, $2.50. 

A COMPILATION of the extensive investigations into the antigenic and 
immunizing properties of FE. typhosa during the period of 1934-1940 is 
most timely. Although many phases of the experimental work were pub- 
lished elsewhere from time to time, this report presents the work in more 
detail. A historical review of the use of typhoid vaccine in the Army, 
Navy, and Civilian Conservation Corps is included. Detailed descriptions 
are given of the experimental investigations on the antigenic characteristics 
of strains of E. typhosa, on the ability of the various vaccines to bring about 
the production of protective antibodies, the duration of immunity subse- 
quent to immunization with typhoid vaccine and the matter of revacei- 
nation. 
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Briefly the findings are that the strain of L. typhosa used in the pro- 
duetion of vaccine should be one of high virulence, preferably it should have 
been freshly isolated from a human being, and also preferably, the colonies 
resulting from growth on agar should be of the “smooth” type. For initial 
immunization the standard method of three doses (Ist dose 0.5 ce., 2d and 
3d doses. 1.0 ee. for adults) administered at intervals of 1 week should be 
followed (content of vaccine 1000 million £. typhosa per ec.). For reimmuni- 
zation a single dose of a virulent type vaccine will result in adequate restimu- 
lation of antibody production. The single dose for reimmunization may be 
0.5 ce. subcutaneously or 0.1 ce. intracutaneously, the latter method is to 
be preferred. Reimmunization should be carried out ordinarily between 
2 and 3 years subsequent to initial immunization and this reimmunization 
should be repeated at least once at the end of another 2 to 3 vears. H. M. 
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thdominal Surgery of and Childhood. By Wittiam E. Lapp, 
M.D... FLALCLS., William E. Ladd Professor of Child Surgery at Harvard 
Medical School; Chief of Surgical Service, The Children’s Hospital, 
Boston, and Roserr E. Gross, M.D., Associate in Surgery, the Harvard 
Medical School; Associate Visiting Surgeon, The Children’s Hospital; 
\ssociate in Surgery, The Peter Bent Brigham Hospital, Boston. Pp. 
155; 268 illustrations. Philadelphia: W. B. Saunders Company, 1941. 
Price, $10.00. 


Treatment of the Patient Past Fifty. By Ernsr P. Boas, M.D., Associate 
Physician, Mount Sinai Hospital, New York City; Chairman, Committee 
on Chronic Illness, Welfare Council of New York City; Assistant Clinical 
Professor of Medicine, Columbia University. Pp. 324; 19 illustrations, 
Chicago: The Year Book Publishers, Inc., 1941. Price, $4.00. 


The March of Medicine. New York Academy of Medicine Lectures to 
the Laity, 1941. Pp. 154; 4 illustrations. New York: Columbia Uni- 
versity Press, 1941. Price, $2.00. 


The New International Clinics, Vol. IV, New Series 4, December, 1941. 
Edited by Grorce Morris Prerso,, M.D., Professor of Medicine, 
(iraduate School of Medicine, University of Pennsylvania, Philadelphia, 
with 17 Collaborators. Pp. 314; illustrated. Philadelphia: J. B. 
Lippincott Company, 1941. 

In addition to 12 miscellaneous ‘‘clinics’’ from the University of Minnesota, 
ind a 10-page progress review of The Surgery of Modern War, by Calvin M. 
Smythe, Jr., this number contains 11 ‘‘original contributions” from various sources 
on various subjects of greater and lesser importance and merit. 
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Dental Surgeon, Liverpool Royal Infirmary, ete. Pp. 348. Second 

Edition, revised. London: Cassell & Co., Ltd., 1941, Price, 13/6. 


PROGRESS 


Ok 


MEDICAL SCIENCE 


SURGERY. 


UNDER THE CHARGE OF 
I. S. RAVDIN, B.s., M.D., 
HARRISON PROFESSOR OF SURGERY, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, PA., 


AND 


C. G. JOHNSTON, M.S., M.D., 
PROFESSOR OF SURGERY, WAYNE UNIVERSITY 
DETROIT, MICH. 


CUTANEOUS BURNS. 


SEVERAL excellent papers summarizing the recent work on burns 
have been published during the last few years, and it is not the purpose 
of this article to add another to that list. Rather, we will try to present 
a critical analysis of the status of the research and treatment of burns, 
no attempt being made to refer individually to all of the investigations 
which have contributed to the present concepts. 

The cause of death after severe burns has long been the subject of 
much study and speculation. Many theories have been presented and 
disproved, many local applicants have been advocated and abandoned, 
and many tables of mortality statistics have been published—however, 
aetual advancement in this study has been slow. It can be said that 
at present we do not yet know the best method of treating these injuries. 

One difficulty arises from the great variation in reaction shown by 
individual patients. The more important variables which cause these 
differences are: a, the extent of the body surface involved; b, the 
depth of skin involvement; ¢, the particular region of the body affected; 
d, the different effects produced by the numerous etiologic agents; 
¢, the age, sex, occupation and individual tolerance of the patient; f, the 
inhalation of flames, fumes or smoke at the time of injury; and g, the 
occurrence of various complications such as pneumonia, Curling’s ulcer, 
and so on. Because of these variables mortality statistics are difficult 
to evaluate, and for this reason the current trend of clinical study has 
been toward a more thorough investigation of individual patients. 

Stages of Reaction. Any discussion of the etiology of the clinical 
manifestations presented during the course of a burn is complicated by 
the differences in terminology and the classical division of the various 
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stages following the inception of the burn. For the sake of clarity 
Wilson’s*” classification of the stages of burn will be used in the follow- 
ing discussion, not because it is the more accurate or more desirable 
but because it may be more easily moulded to conform with the ideas 
of other investigators. Wilson lists the following stages: 1, initial 
shock; 2, secondary shock; 3, acute toxemia; 4, septic toxemia; 5, heal- 
ing; 6, death in any of the above stages. 

1. Initial or Primary Shock. This condition, which arises almost 
immediately after injury, is characterized by low blood pressure and 
has been considered to be due to vasomotor changes. It is probably 
produced by pain and fright since Underhill, Kapsinow, and Fisk*’ 
have demonstrated that it is not present when animals are burned under 
the influence of an anesthetic agent. Primary shock can usually be 
controlled in part by early adequate doses of morphine with supportive 
therapy, and care should be taken that the patient is past this stage 
before extensive local treatment of the burned area is started. Failure 
to realize this may lead to prolongation and intensification of the initial 
period ot shock. 

2. Secondary Shock. Underhill and his coworkers” as well as Robert- 
son and Boyd?” b regarded secondary shock anda acute toxemia is 
belonging to the same stage; however, in the light of recent investigation 
less confusion will result if these two stages are kept separate and the 
second stage of burns (secondary shock) referred to as the “ period of 
hemoconcentration.” 

Cumin "in 1823 was the first to note a thickening of the blood after 
severe burns as he stated that bleeding was difficult because the blood 
was “sizy.”’ Underhill, Carrington, Kapsinow, and Pack, 100 years 
later, demonstrated a marked hemoconcentration in patients with 
severe burns. Experimental work by Underhill, Kapsinow, and Fisk* 
demonstrated in animals that the burning of one-sixth of the body 
surface caused a loss of 70% of the total blood volume into the burned 
area, and analysis of this fluid showed it to be similar to blood plasma. 
Experiments by Blalock,” Beard and Blalock,‘ Harkins,'*° and others 
have confirmed this concept. The physiologic mechanism has been 
shown to be an increased capillary permeability in the burned area with 
a resultant rapid loss of plasma into this area occurring for the most 
part during the first 24 hours after injury. More recent studies demon- 
strate that a portion of the loss in plasma volume is from the surface of 
the burned area. 

The clinical picture of this condition is one of hypotension, circula- 
tory failure, and in severe cases, death. In fact the highest mortality 
occurs during this period. Hemoconcentration is easier to prevent than 
relieve. Parenteral fluid, especially plasma, should be. started early 
since hemoconcentration increases most rapidly during the first 6 hours 
after injury. Weiner, Rowlette, and Elman** have emphasized the 
fact that large doses of parenteral saline are to be avoided since this 
frequently lowers the serum protein to an edema level, and the adminis- 
tration of large amounts of neutral sodium salts intensifies the edema 
at any given level of the serum protein. Wilson®” also warned against 
large volumes of saline and glucose, and stated that he found gum 
acacia valuable in controlling hemoconcentration without lowering the 
level of the plasma protein. Since hepatic injury is often associated 
with an extensive burn this procedure is, we believe, attended with 
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some danger. The value of plasma administration has also been 
stressed by McClure,” by Elkinton, Wolff, and Lee,“ by Tenery® and 
Black.’ Ideally, the plasma lost into the burned area should be re- 
placed volume for volume with plasma, but this is neither practical nor 
always necessary. We have found that most cases with 30% to 40% 
of the body affected with a first and second degree burn will do quite 
well when given 1000 to 3000 cc. of plasma plus not more than 1500 ee. 
of a 5% glucose solution in saline during the first 24 hours, if the oral 
intake of fluid can be kept up so that the urinary output is from S00 to 
1000 cc. After this initial period, therapy should be dictated by fol- 
lowing the hematocrit, plasma protein, and plasma chloride concentra- 
tions. The plasma replacement is best done slowly, for the adminis- 
tration of large amounts of plasma in a short time increases the loss of 
protein from the vessels. 

3. .leute Toxemia. As no toxemia has been definitely demonstrated, 
it would perhaps be more accurate to refer to this as the “ toxic stage of 
burns.’ Tissue toxins, bacterial toxins, and hemoconcentration have 
all been suggested as the etiologic factor in this stage. With adequate 
therapy, primary shock, hemoconcentration, and infection can be pre- 
vented or controlled—yet, the patient may still develop, usually 48 
to 72 hours after the burn, a syndrome characterized by lowered blood 
pressure, tachyeardia, hyperpyrexia, malaise, increasing lassitude, de- 
lirium, coma, circulatory failure, and, in some cases, death. This has 
led many investigators to further search for a toxic agent. 

It is the etiology of this clinical picture which has long been the 
center of burn investigation. Excellent reviews of this problem have 
been published by Harkins,'* Blalock,” and Gunn and Hillsman.” 
Underhill believed that hemoconcentration accounted for the clinical 
picture seen in this stage, and Aldrich" feels that the absorption of 
bacterial toxins is the most important factor; however, as pointed out 
above, this syndrome may develop in the absence of hemoconcentration 
and infection. It has been noted when plasma replacement was suffi- 
cient to prevent hemoconcentration and hypotension had not taken 
place. 


‘ 


Much evidence has been presented to show the existence of a toxin 
formed in the burned area. Much of the older investigation along this 
line has been refuted; however, the work of Wilson, and of Rosenthal, 
has yet to be confirmed or condemned. Wilson, Jeffrey, Roxburgh, 
and Stewart’ in 1937, using rabbits, found that the edema fluid gradu- 
ally became toxic, the potency being greatest after 48 hours after burn- 
ing. This they attributed to autolysis of the injured tissue since cul- 
ture indicated that bacteria played no réle in this reaction. This late 
formation of a toxic material may explain why some previous investi- 
gators had found a toxin and others had not. Wilson,” however, stated 
that the existence of such a toxin has not yet been definitely proved. 
\lso in 1937 Rosenthal** reported experiments in which he had found 
in the blood of burned animals a histaminoid substance which caused 
contraction of the virgin guinea pig uterus. This substance and hista- 
mine were both neutralized by the sera from experimental animals and 
humans in the healing stage of burns. Even normal sera neutralized 
these substances to a slight extent. 

The work of Underhill, Kapsinow, and Fisk*’ indicated very little 
or no absorption of certain dyes and strychnine from the burned area 
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during the first 24 hours after injury; however, this need not indicate the 
lack of the later absorption of a toxin since this material is apparently 
not of great potency until about 48 hours after burning. The toxic stage 
usually does not appear until sometime after the first 24 to 48 hour 
period. Mason, Paxton, and Shoemaker found that certain sub- 
stances of low molecular weight such as sodium iodide, are quickly 
absorbed from the burned area in the first 24 hours, and Hooker and 
Lam'* have demonstrated the same result with sulfanilamide. The 
toxin may have a higher molecular weight and absorption may 
then be similar to the materials used in Underhill’s experiments. 

Recent blood electrolyte studies in burns have been of some 
interest. As early as 1926 Davidson™ reported a lowering of the 
serum chlorides and evidence of a chloride retention which he sug- 
gested may lie in the tissues. Wilson and Stewart" found a marked 
decrease in the serum sodium level which generally followed the severity 
of the patient’s condition; the administration of desoxycorticosterone 
acetate was followed by elevation of the plasma sodium and with 
clinical improvement in the patients. They also noted some in- 
crease in the serum potassium level following severe burns but made 
little comment on this finding. Seudder*® reported a study of plasma 
potassium levels on 6 patients following the Hindenburg disaster in 
whom he found elevation of plasma and whole blood potassium; he 
employed adrenal cortical hormone in the therapy of these cases with 
upparent success. Keeley, Gibson, and Pijoan,?° however, found no 
elevation of serum potassium in dogs which were burned. Black® has 
reported the finding of slight increases in chloride and potassium con- 
centrations with lowering of the bicarbonate and sodium. Tenery* 
has studied the blood electrolytes in 8 severely burned patients, 3 of 
whom died. In these cases the plasma potassium rose slightly, the 
plasma chloride gradually fell, and the plasma sodium decreased mark- 
edly in spite of parenteral saline. The plasma potassium did not reach 
a toxie level, and the changes in the sodium level did not follow the 
clinical course. Since 6 of these patients showed evidence of the toxic 
stage, it was concluded that changes in blood electrolytes are not 
responsible for the toxic stage, though they must be considered in the 
general therapy of the patient. Harkins'’* and Tenery emphasized 
the fact that determinations of whole blood electrolytes in cases of 
severe burn are of little aid since these values will vary with changes in 
the hematocrit because of the difference between plasma and cellular 
concentrations. Lam?! has recently presented an excellent review of 
the literature on the blood chemical changes found in burns. 

+. Septic Toxemia. This stage is generally admitted to be due to 
bacterial infection of the burned area, frequently with hemolytic strep- 
tococci; it is thought to begin when the temperature curve starts a 
septic swing, though Aldrich’ believes that it starts much earlier. In 
the past, infection of the burned area was the common and expected 
occurrence, but at present is becoming less frequent. 

This brings us to one of the most controversial subjects in the study 
of burns, namely, the treatment of the burned area. 

Local Treatment. Almost everything in and out of the pharmacopeia 
has been used in the local treatment of burns. Because of the many 
variations presented by each individual case, the evaluation of these 
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agents is most difficult. Mortality statistics are even less reliable than 
data obtained from a study of the systemic changes. 

The methods of local treatment in use today can be divided into 
four main types: 1, eschars; 2, wet dressing or submersion; 3, dressings 
with various agents which do not form eschars; 4, immediate skin 
vrafting of the third degree burns. 

|. Evchars. Certainly the introduction of tannic acid by Davidson™¢ 
in 1925 was the greatest single advance in the treatment of burns, but 
this method has been greatly misused in that many have applied tannic 
acid to every burn regardless of the extent, depth, or location of the 
lesion. One has only to apply an eschar to the face on a single case of 
burn to learn that this can cause almost unbearable pain with every 
slight movement of the facial muscles. After the first 2 or 3 days, fol- 
lowing injury the patient becomes truly “The Man in the Iron Mask.” 
Likewise an eschar applied around the anus is apt to become infected 
and require removal. This is not a condemnation of the eschar treat- 
nent of burns. At present it is the most convenient method of handling 
a large body burn; however, any eschar has the disadvantage of not 
being the most applicable method for permitting early skin grafting. 

Tannic acid alone has several disadvantages, the more important of 
which are: 1, the coagulum is brittle and tends to crack over areas 
subjected to bending, thus allowing bacteria to enter beneath the coat; 
2, the eschar is quite stiff and tends to pull away and curl in at the 
edges and thus allows infection to enter; 3, the eschar is dense and 
Huid-proof so that underlying infection is at times masked; 4, several 
hours and many applications are required to form the coagulum. 

With these disadvantages in mind and in an effort to eliminate infec- 
tion, Aldrich presented the gentian violet’? and later the triple-dye” 
treatments. This method eliminates all except the fourth disadvan- 
tage of tannic acid. Bettman® advocated the use of tannic acid plus 
silver nitrate as this forms an immediate eschar which is, if properly 
and promptly applied, more pliable than when tannic acid is used alone. 
Branch® then recommended the use of gentian violet with silver nitrate 
which makes a more pliable coagulum than that advocated by Bettman. 
Other eschar-forming agents advocated in the past are ferric chloride, 
horse serum, and picric acid. This latter is an excellent agent except for 
the disadvantage that too many individuals are sensitive to the drug. 

The more recent addition to the list of eschar-forming agents is 
sulfadiazine in triethanolamine** which is said to produce a transparent, 
pliable eschar with the high antiseptic value of the sulphonamides. 
This treatment offers some promise, although it has the great disadvan- 
tage of requiring frequent applications over a long period before an 
eschar is obtained. Pickerell states that preliminary cleaning with 
soap and water is unnecessary before application of the solution, but 
this might prove to be unwise. This method has not been subjected 
to the wide application as have other agents and needs further study 
before general adoption. 

2. Wet Dressings. In 1858 Passavant® introduced the continuous 
submersion treatment; he advocated the use of a tub of water to be 
changed 3 times daily. Blair, Brown, and Hamm’ in 1932 recom- 
mended the use of a daily tub bath of hypertonic saline, physiologic 
saline, or water. Lavender™ advised daily submersion in dilute green 
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soap solution with wet dressings of Burrow’s solution during the inter- 
vals. The use of such baths continuously for the first few days after 
burning is valuable but has the disadvantage of requiring special equip- 
ment if many cases are to be handled. Darrow” has suggested that 
continuous or frequent bathing in hypotonic solutions may deplete the 
body of sodium chloride as the raw surface permits diffusion into the 
water. Salt solution should be used to obviate this difficulty. Wet 
dressings with physiologic saline solution are especially useful on hand 
and face burns and on burns that will require early grafting; however, 
this procedure requires added nursing care. Saline compresses are of 
undoubted value in the treatment of infected burns. 

Bunyan’? has made use of coated silk envelopes which are sealed 
around the upper portion of burned extremities; and irrigation with 
electrolytic sodium hypochlorite solution is carried out 3 times daily 
through openings into the envelope. This treatment allows free move- 
ment of the hands and feet and makes’ possible frequent inspection 
without the painful procedure of removing dressings. Bunyan has also 
devised coated silk coverings for treatment of other portions of the 
body. Hudson,'® Hannay" and Pearson, Lewis and Niven*’ have all 
reported excellent results by the use of the envelope on burns of the 
extremities. The method could be used without the hy pochlorite solu- 
tion by substituting physiologic saline solution, with or without sul- 
fanilamide. 

3. Dri ssings With Agents Which Do Not Form Eschars. In 1914 
Barthe de Sandfort® introduced the paraffin wax treatment and this 
Was in vogue until the introduction of tannic acid. Recently, there 
has been a trend to return to “ greas\ a applications. This has come 
about through the knowledge that the most virulent infections occur 
after the initial dressing and can be prevented if care is taken to prevent 
subsequent contamination. A definite advantage of this type of dress- 
ing is that it can be easily removed for early skin grafting of third 
degree burns. The essential technique of this method consists of cover- 
ing the wound with an ointment, gauze, and protective dressing after 
making the wound surgically clean by washing with soap and water; 
the inner layer of gauze should then be left in place 7 to 14 days unless 
evidence of infection appears. 

After a thorough cleaning of burns of the hand, Allen? uses plain 
vaseline gauze with a voluminous gauze pressure dressings and splints. 
MacCollum® emphasized the point that an eschar on burns completely 
encircling the fingers may impair circulation since it does not allow for 
swelling of the fingers. For this reason he recommended an ointment 
gauze dressing especially for this type of burn. Steel and others have 
advised cod-liver oil dressings because of the supposed vitamin stimula- 
tion of epithelization. It is still questionable whether this does any good. 

The use of sulfadiazine in triethanolamine covered after the first 
application with sulfadiazine ointment gauze** 
method of treatment. Robson and Wallace*® have recommended the 
use of glycerin-sulfonamide-kaolin paste. Pearson, Lewis, and Niven*’ 
report excellent results on face burns by the use of sulfanilamide powder 
covered with tulle gras. 

After preliminary cleaning of infected burns of the extremities 
Roulston™ has covered the involved area with vaseline gauze and 
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enclosed the extremity in a plaster mold; he reports excellent healing, 
freedom from pain, subsidence of infection, and no added limitation of 
joint motion when the plaster is removed. 

t. Lmimediate Skin Grafting. This procedure has a definite place in 
the treatment of small third de ‘gree burns as it will give the most rapid 
and best cosmetic result with a minimum of contracture. However, it 
is not always possible to know immediately which burns extend deeper 
than the hair follicle and sebaceous glands. It inflicts additional 
trauma in the extensively burned patient who is shocked and may soon 
enter the toxic stage and therefore should be reserved for those patients 
with small burned areas who are in excellent shape. 

>. The ideal local treatment of burns should fulfill all of the following 
criteria 

|. Bacterial contaminants should be removed, destroyed, or their 
growth inhibited. 

2. Subsequent bacterial contamination must be prevented. 

4. The treatment should be carried out with a single, non-shocking 
procedure so that disturbance of the patient will be minimal 
while the systemic reaction is most severe. 

!. ‘The material applied to the burned area should not damage the 
living cells remaining, nor should it be toxic if absorbed in the 
quantity necessary to cover any given burn, 

5. The burned area should be protected against trauma from 
brushing the bedclothes, and so on. 

6. The covering should not mask underlying infection. 

7. The covering should be easily removed so that early grafting 
can be carried out in the more extensive burns. 

S. The covering should require a minimum of attention and should 
facilitate rather than hinder nursing care. 

From the above one can see that there is still no ideal treatment 
which can be applied to all burns. Each case must be considered 
separately as an individual problem and one’s armamentarium should 
include several types of treatment. It is important that cleaning the 
area with soap and water and débridement of loose tissues should be 
carried out in all cases. This procedure can be done on most patients 
with the aid of narcotics alone, although occasionally general anesthesia 
may be required. 


R. Mayo Trenery, M.D. 
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OCULAR LESIONS IN THE SARCOIDOSIS OF BOECK. 


It is assumed commonly that the various forms of involvement of 
the uveal tract, iritis, aoa uveitis, choroiditis, are local mani- 
festations of some systemic disease. The determination of the nature 
of the responsible systemic disease in the individual case frequently is 
quite difficult and taxes the diagnostic powers of both ophthalmologist 
and internist. Certain local features of the ocular disease may arouse 
the suspicion of a specific etiology. Thus, most cases of iridocyclitis 
which present nodules in the iris are suspected of being tuberculous. 
However, all cases of tuberculous iritis do not present nodules in the 
iris and all nodules in the iris are not tuberculous in origin. Therefore, 
to reduce as far as possible the number of cases of uveal disease in which 
the etiology is not determined, it is necessary for the ophthalmologist 
and the consulting internist to be familiar with the rarer as well as 
with the more common systemic causes of involvement of the uveal 
tract. For this reason, it seems worth while to call attention to the 
ocular manifestations of the systemic distribution of sarcoidosis which 
too frequently is thought of as a disease essentially of the skin. 
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Longeope and Pierson! stated that the lesions of sarcoidosis are 
described in the literature under a great variety of names, such as 
“lupus pernio” (Besnier), “sarcoid”’ (Boeck), “ benignes miliar lupoid”’ 

Boeck), “ Boeck’s sarcoid,” “ benign lymphogranulomatosis’’ (Schau- 

mann), “ostitis tuberculosa multiplex cystoides”’ (Jiingling), “ maladie 
de Besnier-— Boeck,” and “ Hutchinson-Boeck’s disease.’’ The most 
characteristic features of the disease as listed by Longcope and Pierson 
are, in the skin, firm red, violaceous, or brownish swellings usually well 
demarcated from the surrounding skin; in the lungs, roentgenographi- 
cally, enlarged peribronchial lymph nodes, increased hilar shadows, a 
inarbled reticulated appearance of the lungs resembling miliary tuber- 
culosis or pneumoconiosis, the infiltration extending, however, from the 
roots of the lungs toward the bases rather than toward the upper lobes 
and apices; in the bones, roentgenographically, areas of rarefaction and 
reticulation distributed through the medulla of the phalanges of the 
hands and feet, sometimes with irregular enlargement and distortion 
of the bones but without involvement of the periosteum or joints, these 
changes being expressed clinically in some cases by irregular enlarge- 
ment of the fingers, dorsal flexion of the last phalanx and subcutaneous 
nodules around the interphalangeal joints; and in the eyes, iritis or 
iridocyclitis and nodules in the conjunctiva. Practically any organ or 
tissue of the body may be involved, so that generalized enlargement of 
the lymph glands and of the salivary and lacrimal glands may be seen, 
the spleen and liver may be enlarged, and the mucous membranes of 
the nose, nasopharynx and larynx may be involved. In essence, the 
disease seems to be, as summarized by Longcope and Pierson, a chronic 
infectious granuloma, insidious in onset, persisting often for years, 
sometimes spreading slowly from one organ or tissue to another, fre- 
quently relapsing, seldom producing serious constitutional symptoms, 
resistant to treatment but at times healing spontaneously. In King’s® 
opinion, * Boeck’s sarcoid is a generalized granulomatous disease involv- 
ing primarily the lymph nodes, the lungs, the bone marrow, and the 
spleen. When the skin, the eve and other organs are involved, the 
condition may be regarded as secondary.’ Histologically, the charac- 
teristic lesion found in tissue removed for biopsy from the skin or lymph 
nodes is the so-called hard tubercle, a collection of large, poorly-staining 
epithelioid cells with a scanty marginal zone of lymphocytes, with a 
few giant cells of the Langhans type, and without caseation. Little 
direct proof can be furnished through skin tuberculin tests, through the 
demonstration of tubercle bacilli in the lesions, or through guinea pig 
inoculation studies that the lesions are truly tuberculous. In the 
few cases that have come to necropsy, death has been caused appar- 
ently by miliary tuberculosis and the consensus seems to be that the 
disease is a peculiar benign form of tuberculosis. However, Snapper 
expresses his own opinion and that of several other students of the 
disease to the effect that “ Besnier-Boeck’s disease must therefore be 
considered as a peculiar reaction of the reticulo-endothelium with for- 
mation of pseudotubercles under influence of an unknown virus.” 

In most of the earlier reported cases of sarcoid the skin lesions were 
regarded as the primary if not the sole manifestations of the disease. 
It might be expected that the external structures of the eve would be 
involved rather frequently. However, only a few cases of sarcoid of 
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the evelids, of the conjunctiva, and of the orbital tissues have been 
reported. In 1917, Derby and Verhoeff* reported the removal of a 
small painless growth which was situated in the outer third of the lid 
and ran upward and inward under the orbital margin. Histologic 
examination proved this growth to be a sarcoid. One discrete nodule 
of the same type was present on the cheek, but no mention was made 
of the presence of sarcoids in other parts of the body. At that time, 
Derby stated: “I have been unable to find in ophthalmic literature 
any reference to sarcoid, and in a fairly extensive search in the literature 
of the disease | have not happened upon a case where involvement of 
the ocular structures was noted.” In 1937, Ernsting® reported an 
almost identical growth which proved on removal to be a sarcoid of 
the Boeck type. This patient had Roentgen ray evidence of hilar 
gland enlargement and of sarcoid type infiltration of the lungs and also 
erythematous lesions on the anterior surfaces of the lower legs which 
proved on biopsy to be sarcoids of the Darier-Roussy type. Ernsting 
stated that Lehrfeld reported a case of sarcoid of the eyelid in 1927 
and that Friede, Coppez, and Blegvad had reported cases of conjunctival 
involvement. Blegvad® stated that he could find records of only 8 cases, 
including 3 of his own (1930). Blegvad described the lesions as small 
to large chalazion-like tubercles, one to many, studding the conjunctiva, 
or else clear yellowish speck-like follicles. In 1925, Igersheimer® re- 
ported symmetrical tumors of the tarsal conjunctiva of both lower lids 
which had the histologic structure of Boeck’s sarcoid. He stated that 
Schoeppe had described in this disease small glossy nodules in the ocular 
and tarsal conjunctiva with small nodules in the tarsus itself and in 
the iris. In 1939, Walsh® stated that “sarcoid of the evelids has been 
described frequently. In this situation sarcoid may or may not be 
associated with involvement of the adjacent tissues, such as conjunctis a, 
extraocular muscles or orbital tissues.”” He did not present references 
to support this statement but includes as an example of sarcoid a case 
which had been reported by Wilmer in 1933 under the title “ Tubercle- 
like nodules of the episclera and eyelids, bilateral."” The patient, a 
woman, aged 56, presented painless, freely-movable lumps in the eye- 
lids and a mass in the subconjunctival tissue over the right internal 
rectus muscle. Within 25 months all the masses had disappeared spon- 
taneously with the exception of one in the lower lid of the right eye. 
This was excised and showed the histologic picture of “hard tubercle” 
characteristic of sarcoid. In l of the 7 Cases of sarcoidosis reported by 
King, a small firm nodular mass under the conjunctiva projecting into 
the lower fornix from behind the globe proved histologically to be 
Boeck’s sarcoid. In another case with bilateral kerato-iritis, a sarcoid 
was found in the skin of the eyelid. Recently (1941), Rosenbaum" 
and Sniderman*®® have each reported a case of histologically proven 
Boeck’s sarcoid of the lacrimal glands. In Rosenbaum’s case there was 
enlargement also of the cervical and inguinal lymph tiodes. In Snider- 
man’s case there was also bilateral uveitis and enlarged hilar glands by 
Roentgen ray. 

Perhaps of more general interest than these rather isolated instances 
of involvement of the external ocular structures with growths or nodules 
of sarecoid type are the lesions of the uveal tract which can be demon- 
strated to be a part of the disseminated picture of sarcoidosis. King 


OPHTHALMOLOGY 305 


stated that iritis occurs in LOY of the cases of Boeck’s sarcoid. In 
their monograph, Snapper and Pompen'® stated: “One of the favorite 
sites of the disease is the eye; here dissemination of nodules in the iris 
und in the corpus ciliare explains the frequency with which symptoms 
of iridocyclitis are found in these patients. As a matter of fact, many 
of them first consult ophthalmologists and are diagnosed as tuberculous 
iridocyclitis. Careful general examination may then reveal the presence 
of other manifestations of Besnier-Boeck’s disease. Not uncommonly 
small nodules of Boeck’s disease can be discovered in the conjunctiva 
in the form of typical yellowish brown nodules.” In the series of 
13 cases reported in this monograph, iridocyclitis was noted five times, 
conjunctival nodules twice, and recurrent hemorrhages into the vitreous 
once 

According to available statistics the actual number of cases of 
“sarcoid iritis’ is not very great. King stated that Osterberg found 
26) cases of iritis among 400 cases of Boeck’s sarcoid. King noted also 
that in the 65 years preceding the publication of his paper, over 1700 
patients with various forms of chronic ocular inflammation had been 
tuberculin tested in the Howe Laboratory. In about two-thirds of the 
patients, the tests were positive. Among the remaining one-third of 
cases insensitive to tuberculin (amounting then to between 500 and 
(00), 7 cases were diagnosed as Boeck’s sarcoid. However, the relative 
infrequency with which cases of iritis or uveitis associated with sar- 
coidosis are reported in the ophthalmologic literature may well be 
accounted for by the suggestion contained in the remark of Snapper 
and Pompen that most of these cases are diagnosed by ophthalmologists 
as tuberculous. 

Some authors believe that the clinical appearances of tuberculous 
iridoeyelitis and of sarcoid iridocyelitis are identical with small nodules 
n the iris, cloudy media, precipitates on the posterior surface of the 
cornea, and tendency to the development of posterior synechiie, secon- 
dary glaucoma and complicated cataract. Osterberg thinks that, in 
general, the iritis of Boeck’s sarcoid is less painful, less destructive and 
less proliferative than tuberculous iritis, but that individual cases are 
difficult to differentiate. Blegvad states that iritis occurs in association 
with Boeck’s sarcoid in one of two forms or phases, the serous or the 
nodular. In the serous phase, the iritis has no special characteristics 
other than its frequent association with band-shaped keratitis. The 
nodular phase or form, however, has characteristics which should dis- 
tinguish it from tuberculous iritis. Tuberculous nodules in the iris 
are dirty white or slightly yellowish, almost always quite round or oval 
with smooth surfaces, and appear to come from deep in the iris, shoving 
aside the surface fibers. Vessels go around the nodules. When they 
resolve, residual spots of atrophy of the iris tissue remain. The nodules 
of Boeck’s sarcoid are often very large, are not smooth and round but 
have an irregular surface, are reddish-yellow in appearance and are 
traversed by a number of fine branching vessels. They are apparently 
firmer and harder than tuberculous nodules and may proliferate through 
the sclera at the limbus. They have a spontaneous tendency to heal 
and disappear without trace, leaving no residual atrophy of the iris. 

King also notes the two types of iritis in sarcoidosis. He states that 
the serous type is characterized by slight ciliary injection, fine posterior 
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corneal precipitates and a moderate amount of cells in the aqueous. 
In the nodular type, the ciliary injection is more marked, the cornea is 
usually edematous and cloudy, the precipitates on the posterior surface 
of the cornea are larger and more numerous. In the iris, the nodules 
ure apt to be few in number, are fairly discrete and are invaded by blood- 
vessels. They are smaller and more superficially situated than the 
nodules of tuberculous iritis. The clinical course is usually more benign 
than in tuberculous iritis and healing may occur with complete resolu- 
tion of the nodules and often with little scarring and slight impairment 
of vision. However, the course of the iritis may be complicated b 
corneal opacification and the development of posterior synechiw and 
secondary glaucoma. In King’s opinion it is difficult to distinguish 
clinically between the ocular lesions produced by Boeck’s sarcoid and 
by tuberculosis, and the differential diagnosis depends usually on the 
identification of the disease process elsewhere in the body, biopsy of 
skin or lymph nodes, roentgenographic studies of the chest and bones, 
serologic studies and tests for allergy. Occasionally, the diagnosis is 
confirmed, as in one of King’s cases, by histologic study of a portion of 
the iris removed by iridectomy for the treatment of secondary glaucoma. 
In summary, King states that, “When characteristic changes are re- 
vealed by biopsy of the skin, lymph nodes, or bone, and by x-ray; when 
the Wassermann and tuberculin tests are negative and the constitu- 
tional symptoms are relatively slight, a diagnosis of sarcoid becomes as 
nearly positive as it can be with our present knowledge.” 

Only occasional reports of involvement of other tissues of the eve in 
cases of Boeck’s sarcoid have appeared in the literature. Chorioretinitis 
has been mentioned occasionally but usually In association with irido- 
evelitis. King mentioned the finding in sections of an enucleated eve, 
which he examined in conjunction with Verhoef, typical sarcoid nodules 
in the retina and in the distal portion of the optic nerve. In 1935. 
Salvesen'’ reported bilateral optic neuritis in a patient with Boeck’s 
sarcoid of the skin of the arms, infiltration of the hilus glands, renal 
insufficiency, fever, increased sedimentation rate, achylia, secondary 
anemia, and negative Wassermann and skin tuberculin tests. The optic 
disks were grayish-red, blurred, and elevated 1D. Vision was re- 
duced to hand movements. Nine months later the disks were pale and 
the vision was 5/10 in the right eve and 5/30 in the left eve. In 1938, 
Roos” reported the case of a girl, aged 6 years, with bilateral uveitis 
and benign lymphogranulomatosis, the diagnosis being established by 
biopsy of a lymph node. Later, there developed bilateral choked disks 

| 1), drowsiness, three attacks of generalized convulsions, and tran- 
sient paresis of the right arm and leg. The spinal fluid was under 
increased pressure and contained increased cells and protein. The 
girl’s condition improved gradually. 

In 1931, Reis and Rothfeld' described the case of a 17-year-old girl 
with headache and vomiting, skin sarcoids of the Darier-Roussy type 
(confirmed by histologic examination), negative Wassermann, negative 
von Pirquet and Mantoux tests, and roentgenographic evidence of 
osteitis cystica tuberculosa (Jiingling) and of enlarged hilus glands and 
of infiltration of the apex of the right lung. There was bilateral exoph- 
thalmos greater in the left eye. The vision was ability to count fingers 

16 inches in the right eye and ni/ in the left eye. Ophthalmoscopic 
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examination revealed in the right eye a choked disk of 5 D with secon- 
dary optic atrophy and in the left eve a white tumor mass occupying 
practically all the retina under the retinal vessels and projecting 20 D 
into the vitreous. There was slight weakness of the right leg and 
bilateral positive Babinski’s. The spinal fluid showed increased protein. 
Later, the patient developed loss of memory and mentality and epilepti- 
form convulsions and died in an epileptiform attack. Necropsy re- 
vealed at the base of the brain a flat, translucent, yellowish, hard infil- 
tration around the infundibulum, chiasm, and both optic nerves, ex- 
tending back to the cerebral peduncles and laterally under the temporal 
lobes, greater on the left. The floor of the third ventricle was markedly 
infiltrated. Generalized tuberculosis in various stages was found in 
other organs and tissues. The left optic nerve was markedly en- 
larged, the sheaths edematous and matted together with local infiltra- 
tions of small cells and proliferation of connective tissue with some 
blood-vessels. The walls of the blood-vessels showed hyaline degenera- 
tion or infiltration with lymphoid cells. There were several varying- 
sized foci of epithelioid cells with marginal zones of lymphocytes with- 
out giant cells, necrosis or caseation. The tumor mass consisted ap- 
parently of tuberculides somewhat altered by edema. 

One of the patients in a series of cases reported by Walsh in 1939 
showed, in the right eye, slight pallor of the disk with numerous super- 
ficial discrete white dots in the paramacular area with a tendency to 
perivascular arrangement, and in the left eye, uveitis with marked 
atrophy of the optic nerve and white spots scattered throughout the 
fundus. There were bitemporal field defects, but a normal sella. One 
vear later, a mass elevated 8 D was present in the choroid of the left eve. 
It was considered to be tuberculous. Nine years later there was marked 
optic atrophy in the right eve with contraction of the temporal part of 
the field of vision; the left eve was phthisical. The patient had devel- 
oped diabetes insipidus, but roentgenographs of the head were still 
normal. The left eve was enucleated and the mass in the choroid 
proved histologically to be a sarcoid tumor. Walsh also mentioned a 
case of Vandergrift’s, as yet unreported, with bilateral papilledema and 
surcoid masses in the brain and meninges. 

\side from the cases mentioned above, there are very few reports 
of involvement of the nervous system in association with Boeck’s sar- 
coid. According to Roos and Salvesen, Boeck himself mentioned the 
presence of anesthesia over the ulnar distribution in one arm of one of 
his patients; Nazza mentioned pain, loss of sensation, muscular paresis 
and atrophy in the arms and legs proved at necropsy to be due to 
sarcoid nodules in the nerves; Urban and Winkler found infiltrations 
around the cutaneous nerves. 

Perhaps more frequent in occurrence than the typical “sarcoid 
iritis’’ and certainly more frequently reported in the literature are cases 
of so-called “uveoparotid fever,” “uveoparotid tuberculosis,” “uveo- 
parotitis”’ or ‘‘Heerfordt’s disease.”’ As stated by Longcope and Pier- 
son, the syndrome of uveoparotid fever consists of bilateral uveitis and 
parotitis preceded or accompanied in the early stages by fever. Later, 
the disease becomes chronic, the fever usually subsides and other 
symptoms appear. After many months, recovery usually takes place. 
Paralysis of the facial nerve is said to accompany the swelling of the 
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parotid gland in about one-third of the patients, and in one-half of 
these the facial paralysis is bilateral. Pareses of other cranial nerves 
may occur or more distant parts of the nervous system may be affected. 
There may be swelling of the submental, submaxillary and cervical 
lvmph nodes. Occasionally ; there ure associated skin lesions of varving 
types, including erythema nodosum. In a few cases, roentgenograms 
of the chest show increased shadows in the mediastinum or at the roots 
of the lungs. 

Most of the articles on the subject of uveoparotid fever present 
essentially reports of one or a few cases. However, Savin'® presents an 
analysis of the symptoms and findings in 67 cases. The two sexes are 
almost equally affected and the disease can occur at essentially any 
age, though it appears most commonly between the ages of 10 and 30. 
It starts usually with parotid swellings or iritis, but the initial symptom 
may be a facial or other paralysis or erythema nodosum. The parotid 
swellings are painless, may last from 6 weeks to 2 vears, and do not 
suppurate. The iritis is at times nodular in type and precipitates on 
the posterior surface of the cornea are present frequently. Occasionally 
conjunctivitis is present and, rarely, transparent nodules are found on 
the ocular and palpebral conjunctiva. In some cases, keratitis has been 
reported, in 7 cases optic neuritis, in 10 cases opacities in the vitreous 
and in a few cases choroiditis and hemorrhages in the retina. Facial 
paralysis occurred in 20 cases and was bilateral in 9. In scattered cases, 
ptosis, diplopia, paralysis of the soft palate and of the recurrent laryn- 
geal nerve, and pols neuritis of the peripheral type have been reported. 
ever was present in 16 cases, erythema nodosum or other skin lesions 
in 16 and pulmonary tuberculosis in 10. The facial palsy so common 
in these cases may or may not be due to pressure on the nerves by the 


parotid swelling. That it is not is suggested by the order of occurrence 
of the lesions in a case reported by Muirhead." First, iridocyeclitis 
with secondary glaucoma of the right eve; 2 months later, iridocyclitis of 
the left eve; 2 weeks later, right facial palsy; 2 months later, left facial 
palsy, and | month later, bilateral parotitis. According to Tait,’ the 
uveitis is insidious and painless in its onset. It is characterized by the 
production of a typically adhesive exudate, readily producing posterior 
synechive of considerable strength and permanency. There are profuse 
coarse deposits on the posterior surface of the cornea. The vitreous may 
contain numerous opacities. Secondary glaucoma may develop. In 
other cases, the iritis may be of nodular type. MeCulloch™ states that 
the nodules in the iris are small, pale and gelatinous-looking and occur 
usually at the pupillary margin or on the collarette, occasionally at the 
ciliary margin. 

Arbuse and Madonick' list the symptoms of uveoparotid fever under 
five headings: 1, prodromal—general malaise, weakness, lassitude, 
drowsiness, anorexia, gastro-intestinal upsets, loss of weight, puffiness 
of eyelids, long-continued dryness of mouth, dysphagia, cough, night- 
sweats, pain in the chest, abdomen or joints, paresthesias, polyuria 
without glycosuria, paralysis of other cranial nerves besides the facial, 
low-grade temperature; 2, glandular—involvement of the parotids, 
painless, non-suppurative, is constant; at times enlargement of the 
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submaxillary, sublingual, lacrimal, cervical and hilar glands; 3, ocular 
involvement of the eyes is always present but may vary in type; iritis, 
eyclitis, or uveitis usually, conjunctivitis, corneal herpes or other forms 
of keratitis, opacities in the aqueous or vitreous, chorioretinitis, hemor- 
rhages in the retina, optic neuritis or atrophy, neuroretinitis, glaucoma 
secondary), and cataract (complicated) occasionally; (4) neurologic 
50% of the cases present some abnormality of the nervous system; 
facial paralysis is most common; peripheral neuritis, ptosis, involve- 
ment of the sensory part of the fifth nerve, dysphagia, loss of taste, 
hallucinations, meningeal signs, delirium, hypersomnia, convulsive 
seizures may occur; the spinal fluid may show an increase in cells and 
protein content; 5, other manifestations-— diabetes insipidus, erythema 
nodosum, xerodermia, papulonecrotic tuberculides, polyarthritis and 
amenorrhea may occur; the electrocardiogram may indicate myocardial 
involvement. 

Levin'® listed the neurologic manifestations of uveoparotid fever as 
follows: edema of the optic disks (at times), partial ptosis, diplopia 
without complete oculomotor paralysis, involvement of the fifth nerve 
sensory portion), the seventh (most common, a peripheral type of 
neuritis not always due to parotid swelling), the eighth, the ninth or 
the tenth nerve, peripheral neuritis, diabetes insipidus (rather frequent), 
hypersomnia, pyramidal tract involvement (1 case), ataxia, headache 
and vomiting, mild increase in the cell and protein content of the spinal 
Huid. He stated that the usual course of the disease is toward gradual 
recovery with postiritic residuals. 

This, then, would seem to be a disease with protean manifestations, 
there being only two requisites for the inclusion of a case in the group, 
parotitis and some form of ocular involvement, usually uveitis. At the 
outset, Heerfordt’s disease was considered to be a distinct entity in 
itself, but, recently, it is being recognized more and more widely that 
so-called “uveoparotitis’ is only another manifestation of benign 
lvmphogranulomatosis and that it is essentially the same disease as 
sarcoidosis, but with its most striking symptoms in the eyes and salivary 
glands rather than in the skin, lymph nodes and lungs. Longcope and 
Pierson stated that the histologic changes in the lymph nodes and 
parotid glands in cases of uveoparotid fever are almost precisely the 
same as in sarcoid, miliary epithelioid tubercles with occasional giant 
cells and with almost complete absence of necrosis or caseation. Garland 
and Thompson® recognized the same histopathology in this disease but 
considered the lesions to be tuberculous. They stated: “In one of 
Heerfordt’s cases, a resected portion of the iris showed typical tubercu- 
lous lesions histologically — endothelial cells, lymphocytes, giant cells 
without caseation or tubercle bacilli... . In all cases in which biopsies 
have been performed, whether from the parotids or from the irides, the 
histologic features have been exactly similar, namely, an endothelial 
fibrosing tuberculosis in which caseation is absent and tubercle bacilli 
are not found.” One of their patients, a woman, aged 28, with bilateral 
parotitis, bilateral iridocyclitis and uveitis and peripheral neuritis, 
showed at necropsy miliary tuberculosis involving the lungs, pericar- 
dium, myocardium, parotid and submaxillary glands, peritoneum, liver, 
kidneys and uterus. 
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Bruins Slot, Goedbloed and Goslings*® reported a group of 6 cases of 
uveoparotitis and of Boeck’s sarcoid in which there was a definite inter- 
mingling of symptoms in the individual cases. They gave as their 
opinion that the syndrome of Heerfordt is part of the syndrome of 
Besnier-Boeck. This opinion is supported, they think, by the histo- 
logic changes in the skin, lymph nodes, parotid glands and lacrimal 
glands. Walsh stated: “It seems unnecessary further to labor the 
point that uveoparotid fever and sarcoid are similar diseases and may 
be different manifestations of the same disease.”’ King stated: “ Paro- 
tid gland enlargement, which occasionally occurs in Boeck’s sarcoid, 
was found’ in conjunction with uveal involvement in 2 of my cases. 
Uveoparotitis and Mikulicz’s syndrome may both be manifestations 
of Boeck’s sarcoid.”” With** stated that uveoparotid fever might be 
regarded as a special localization of benign lymphogranulomatosis. 
He advanced in support of this contention the following arguments: 
1, the histology is the same— foci of epithelioid cells, few giant cells and 
little or no necrosis; 2, the bacteriology— prevailing inability to find 
tubercle bacilli in the tissues and to recover them by culture or by ani- 
mal inoculation; 3, the glandular enlargements— which may involve 
any part of the body but are most frequent in the neck and at the hilus 
of the lungs; 4, infiltrations of the skin of the lupus pernio type have 
been seen in a number of cases of uveoparotid fever; 5, sarcoid may be 
limited to the salivary glands and the lacrimal glands with involvement 
of the uvea; and 6, tuberculin reactions are negative in a high per- 
centage of cases. The greatest point of difference between sarcoidosis 
and uveoparotid fever lies in the frequency of involvement of the 
nervous system. Grénblad’ is endeavering to prove that Mikulicz’s 
syndrome, uveoparotid fever and keratoconjunctivitis sicca (Sjégren) 
are all manifestations of sarcoidosis. Waldenstrém,” who mentioned 
that uveoparotitis may simulate encephalitis lethargica, stated that 
three characteristics, the tubercular structure without caseation, the 
large percentage of tuberculin negative cases, and the small number of 
cases in which tubercle bacilli are found in the lesions, immediately 
associate uveoparotid fever with another type of granuloma, the so- 
called morbus Besnier-Boeck.”” It must be regarded as highly probable 
that many cases of typical Mikulicz disease with fibrosis and round cell 
infiltration also represent late stages of the same anatomic process. 
Waldenstrém expressed the belief that this process, a universal benign 
tuberculoid granuloma, is the cause for a great variety of clinical 
pictures, Besnier-Boeck’s disease, lupus pernio, many cases of Mikulicz 
disease, uveoparotid fever, and Cases of so-called encephalitis lethargica 
with parotitis. 

As has been stated previously in this review, there is i widespread, 


but as yet unwarranted, tendency among writers on sarcoid and on 
uveoparotid fever to regard both these diseases as unusual or benign 
forms of tuberculosis. So far, however, it has not been possible to 
prove definitely the tuberculous etiology of these lesions. Many of the 
arguments in favor of this view are based on the finding at necropsy of 
miliary tuberculosis in a patient who has presented earlier clinical 
evidence of sarcoidosis or uveoparotid fever. Horton, Lincoln and 
Pinner (quoted by King) report 4 cases of “ non-caseating tuberculosis 
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type: Boeck’s sarcoid),”” in 2 of which active uveitis was present and 
in | chorioretinitis and iridocyclitis. In 1 case at necropsy, caseating 
lesions of miliary tuberculosis were found and they, therefore, suggest 
that the sarcoids of Boeck represent a non-caseating phase of tubercu- 
losis. A possible explanation for the absence of tubercle bacilli in these 
*non-caseating tubercles” is furnished by the studies of Kyrle (as noted 
by King). In experimental tuberculous lesions of the skin, Kyrle found 
that bacilli were abundant during the first 10 days after injection into 
the skin but had practically disappeared at the end of 5 weeks. At this 
time the typical histologic picture of sarcoid was present. Kyrle thinks, 
therefore, that sarcoid is a distinct type of foreign body reaction to 
tubercle bacilli and their disintegration products. 

The evidence both for and against the tuberculous etiology of Boeck’s 
sarcoid has been well summarized by King. It seems hardly necessary 
to repeat this evidence in detail in the present review. Those who are 
particularly interested in this phase of the subject can refer to his 
original article. Suffice it to say here that King is inclined to believe 
that the evidence against the tuberculous etiology is the more conclusive. 


Henry P. Wacener, M.)). 
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Roentgen-ray Diffraction Studies in Iodinated Amino Acids and 
Proteins. M. Sprecet-Avoir, R. H. Hamivron, Jr., and G. C. 
Hexxy (Department of Colloid Chemistry, D. J. McCarthy Founda- 
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tion, the Departments of Biochemistry and Physics, Temple University 
School of Medicine). In order to decide whether “the process of 
iodinating of the protein also changes the molecular configuration so 
us to produce physiologic activity’’ (Salter), Roentgen ray diffraction 
pictures by the powder method were taken from tyrosine, 3,5-ci-iodo- 
3,5-di-iodo-thyronine, thyroxine, thyroglobulin, casein, iodo- 
casein, and plastein derived from the latter substance. The Roentgen 
ray diffraction patterns show that the iodination of tyrosine and 3,5-di- 
iodo-thyronine brings forth noticeable changes in the diffraction pat- 
terns of the resulting substances 3,5-<l!-iodo-tyrosine and thyroxine. 
Two diffraction rings (corresponding to spacings of 4.36 and 5.03 A 
are strong in tyrosine and weak in the 3 5-di-iodo-tyrosine diffraction 
pattern. Conversely, at least two new diffraction rings, non-existing 
in tyrosine (corresponding spacings at 3.92 and 13 A”) become manifest 
in 3, 5-di-iodo-tyrosine and persist in di-iodo-thyronine and thyroxine. 
\t least five of the 3,5-di-iodo-thyronine rings (corresponding spacings 
at 2.12, 2.37, 2.60, 3.04, 5.57 A°) are absent in thyroxine which alone 
shows a diffraction ring corresponding to a spacing of 3.62. A". Effects 
of iodine presence can be detected neither in thyroglobulin nor in iodo- 
casein. The Roentgen ray diffraction pattern of plastein differs from 
that of the mother-substance in width of the side-chain and sharpness 
of the backbone reflection. 


An Immunologic Investigation of the Mechanism of Glomerulo- 
nephritis. C.F. Kay, P. F. Luccnest, and R. B. Reruereorp (Depart- 
ment of Medicine, University of Pennsylvania and the Philadelphia 
Hospital for Contagious Diseases). A synopsis of past and present 
concepts of the mechanism by which acute glomerulonephritis develops 
was presented. The relation of certain types of experimental glomerulo- 
nephritis to these concepts was briefly discussed. Experiments were 
devised to determine whether patients with scarlet fever develop anti- 
bodies to human renal antigens or streptococcal toxin digests of renal 
tissue, or whether an unspecified circulatory antigen could be demon- 
strated to be present early in the disease hy the development of specific 
antibodies at a later period. Complement fixation and precipitative 
methods were applied to the sera of 7S patients with scarlet fever. 
The results of these studies were completely negative. These experi- 
ments did not support the hypothesis that glomerulonephritis develops 
us a result of an antigen-antibody reaction. They pertained especially 
to the recent concept that the antigen concerned may be absorbed or 
combined with kidney cells or may be kidney cells themselves. Reasons 
are given why the results of this experiment cannot be taken to exclude 
the possibility of such a mechanism. 


The Use of Sulfonamides in the Prevention of Experimental Brain 
Abscesses. (;. M. Markvey (Harrison Department of Surgical Re- 
search, University of Pennsylvania). The purpose of this paper is to 
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report the results on the use of the sulfonamides in the prevention of 
the experimental brain abscess. 

The technique for abscess production was the same as previously 
reported except the dose of the bacterial inoculum was increased. 

The dose of sulfanilamide, sulfapyridine and sulfathiazole was 0.5 gm. 
per kilo daily in a single dose by mouth, and that of sulfadiazine was 
0.25 gm. per kilo daily. All treated dogs received a course of 5 days 
of treatment. Determinations of blood concentrations of the various 
drugs were made daily before the administration of an additional dose. 
Control experiments were run simultaneously with treatment experi- 
ments 

Results: Sulfanilamide protected 66%, 100% and 75% of the dogs 
inoculated with pneumococeus Type HI], Staph. aureus and Strep. 
hemolyticus respectively. Sulfathiazole protected 33%, 75% and 75% 
respectively. Sulfadiazine protected 100%, 75% and 50% respectively. 
Sulfapyridine protected L00% of the dogs inoculated with pneumo- 
cocceus Type II] when treatment began before 12 hours after inoculation 
and 75% of the dogs when treatment began 17 hours after inoculation. 
It protected only 20% of the dogs inoculated with streptococcus and 
Was not used against Staph. aurcus. 

The mean blood concentration of the various drugs of the treated 
dogs which died was in every instance within the range of the mean 
blood concentration of the surviving dogs, except for those dogs receiv- 
ing sulfadiazine. Even so these dogs maintained a mean blood con- 
centration of 20.8 mg. per 100 cc. until the time of death. 

Sulfadiazine proved least toxic in these experiments. 

Conclusions: 1, Sulfonamide therapy is effectual in preventing pyo- 
genic brain abscesses following injection of pneumococcus Type III, 
Staph. aureus, and Strep. hemolyticus into a cerebral area previously 
traumatized. 2, Sulfonamide therapy should be begun early. 3, Sul- 
fanilamide and sulfadiazine were found to be the most effective com- 
pounds, 


The Influence of Certain Commonly Used Drugs on the Rate of 
Gastric Emptying in the Normal Human Subject as Determined by an 
Intubation Technique. (Atropine, Morphine, Benzedrine, Prostigmine, 
Nitroglycerine, Syntropan, Mecholyl, Ergotamine Tartrate and Sodium 
Bicarbonate.) Jarrerr H. and W. Oster Apporr (Gastro- 
Intestinal Section, Hospital of the University of Pennsylvania). The 
gastric emptying time, as determined by roentgenoscopy under normal 
circumstances and as affected by drugs, has been frequently deter- 
mined; but the gastric emptying rate has been more often guessed at 
than measured. After injecting 500 cc. of dilute milk into the stomach 
of normal adults it has been possible to quantitate the emptying rate 
by aspirating, measuring and reinjecting the gastric contents every 
10 minutes until 90% of the initial volume has disappeared. Repeat- 
ing this procedure 14 times on 5 subjects a total of 70 experiments has 
been performed, 15 of them controls, 55 exemplifying the effect of vary- 
ing doses of atropine and of clinical doses of morphine, benzedrine, 
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prostigmine, nitroglycerine, “syntropan,”’ “ mecholyl,”’ ergotamine tar- 
trate and sodium bicarbonate. Although the expected side effects were 
noted assuring us of the potency of the drug, the results show no sig- 
nificant difference save after morphine when the emptying rate was 
slowed. 
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